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EXECUTIVE SUMMARY" I

The effects of inhalation of red phosphorus butyl rubber (RP/BR)
combustion products used as an obscurant smoke were evaluated in
two subchronic studies with the objective of determining the no-
measurable effect level and the lowest effective dose. Male
Sprague Dawley rats were expcsed for 2.25 hr/day, on 4 days/week
for 13 weeks to filtered air or RP/BR aerosols at concentrations
of 1.20, 0.75 and 0.30 mg/L in the first and 0.30, 0.18 and 0.05
mg/L in the second study.

Biological endpoints examined within 24 hr of the last exposure
and for selected treatment groups following an 8-week recovery
period were mortality, clinical signs, body weight, pulmonary
bactericidal activity and histopathology of the lungs for both
studies. In the first study, additional endpoints were food
consumption, pulmonary cellular responses, neurobehavioral
activity and histopathology of all major organs.

Aerosol mass concentrations were consistently within 3% of the
target values. Particle size analysis showed mass median
aerodynamic diameters (MMAD) of 0.49 to 0.65 ýIm with cg's of 1.56
to 1.83. Phosphorous acids in the test atmosphere ranged from 71
to 80%.

Statistically significant decreases in body weights and body
weight gains were observed from weeks 1 through 13 in the 0.75-
and 1.20-mg/L-exposure groups. A significant decrease in food
consumption was seen in these groups four weeks after initiation
of the exposures. In the first study 10.8% of the rats exposed
to 1.20 mg/L of RP/BR smoke died spontaneously or were necropsied
in a moribund state. most of these animals died during the first
two weeks of the exposures, and had varying degrees of congestion
and small amounts of hemorvhage in the lungs. No obvious cause
of death was apparent from the histopathological examination of
the lungs at this timepoint. Those RP/BR-exposed (0.75 and 1.20
mg/L) animals which died during the later parts of this study had
terminal bronchiolar fibrosis and erosions of the laryngeal
mucosa with deposition of fibrin on the surface. These laryngeal
changes were probably contributory to their death. The presence
of congestion, hemorrhage, and interstitial inflammation in the
lungs of 1.20-mg/L-exposed rats which died during this experiment
strongly suggests that these effects were due to the RP/BR smoke.
This concentration obviously produces morbidity, since, in
addition to these morphologic changes, decreased body weight and.------
food consumption were measured. No exposure-related mortalities_
occurred in the 0.30-mag/L-exposure groups of the first study nor jj¶

in any of the RP/BR exposed (0.30, 0.18 and 0.05 mg/L) rats of 21
the second sLudy.

Although positive antibody titers to PVM were found in rats from
the first study (includinq at quarantine sacrifice), no lesions
characteristic of PVM infections were found in the lungs of the --------
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rats that died spontaneously and their deaths were not due to
PVM. Also, such PVM-characteristic lesions are separate and
distinct from the changes which were found to be treatment-
related in animals at the terminal necropsy.

None of the neurobehavioral activity measurements conducted
according to the experimental protocol showed consistent or
significant changes.

Occasional statistically significant changes in pulmonary lavage
parameters found after termination of the exposures in the first
study were practically all absent after the recovery period,
indicating that alv-eolar macrophages return to their normal state
within 8 weeks after the exposures. This was also evident from
the fact that a signilicant decrease in pulmonary bactericidal
activity to inhaled S- K. pneumoniae at all three exposure
concentrations (1.20, 0.75 anid 0.30 mg/L) of the first study was
completely absent after the recovery period. In the second study
none of the RP/BR exposures (0.30, 0.18 and 0.05 mg/L), including
the previously positive 0.30 mg/L, produced an effect thus
indicating that the no-measureable effect level for pulmonary
bactericidal activity in male Sprague-Dawley rats under the
exposure protocol used was < 0.30 mg/L of RP/BR aerosol.

Histologically no treatment-related changes were found in any of
the tissues examined outside of the respiratory tract. The
primary treatment-related change seen after termination of both
subchronic studies was in the lung and was diagnosed as "terminal
bronchiolar fibrosis", a lesion consisting of thickening of the
alveolar walls and of the most distal portions of the terminal
bronchioles at the point where they join the alveolar sacs. The
use of Masson's trichrome stain showed strong evidence of
collagen deposition at these sites.

The results of the microscopic examinations of the lungs in the
first study showed that inhalation of RP/BR for 2 weeks produced
minimal bronchiolar fibrosis in 50% of rats exposed to 0.75 mg/L
RP/BR and minimal to mild fibrosis in all of the 1.2-mg/L-exposed
rats. All rats had fibrosis after 4 weeks of exposure to 0.75 or
1.2 mg/L of RP/BR. After completion of the 13-week studies 100%
of the rats exposed to 0.75 mg/L RP/BR or higher and
approximately 30% of rats exposed to 0.30 mg/L had terminal
bronchiolar fibrosis. Severity and frequency of the lesion
increased with the higher doses. In the second study there were
no interim examinations. Minimal terminal bronchiolar fibrosis
was found in less than 50% and 25% of the rats exposed to 0.30
and 0.18 mg/L of RP/BR, respectively. At 0.05 mg/L, the lowest
dose in this study, no changes were found. In both of these
studies following the eight-week recovery periods there was a
decreased incidence of the lesions, but they were still present.
Thus the no-measurable effect level for terminal bronchiolar
fibrosis under the exposure protocol described was 0.05 mg/L of
RP/BR and the lowest effective dose was 0.18 mg/L.
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A separate in vitro genetic toxicology study was conducted with
funds added t--te-eCiontract for this purpose using condensates of
RP/BR combustion products generated with the methods described in
the in vivo studies. The results demonstrated that the
condens'ite do-es not cause point mutations of bacteria, primary
DNA damage in rat hepatocytes, or clastogenic damage in Chinese
Hamster Ovary cells under the conditions tested.

IS
* 0
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PORWORD

This report, IITRI No. L06139, Phase IV (Final) Report describes
studies conducted by the Life Sciences Department, lIT Research
Institute for the Health Effects Research Division, U.S. Army
Medical Bioengineering Research and Development Laboratory during
the period of July 1984 through May 1986. The studies were
carried out under contract No. DAMD17-82-C-2121.

Catherine Aranyi served as Principal Investigator and Study
Director. Stanley vana was responsible for the inhalation
exposure facilities and the aerosol generation and monitoring
throughout the studies. Jeannie Bradof and Marianna Furedi,
respectively, were in charge of the pulmonary cellular response
and general toxicology endpoints. The neurobehavioral activity
studies were designed and conducted by Maurlene Preache.
Necropsy procedures, tissue collection and preparation for
histopathologic evaluation were under the supervision of
vladislava Rac and Donald E. Gordon (Consultant). Necropsy
reports were prepared by Pathologists Vladislava Rac and Allan
Hall, III. Histopathologic evaluation of the collected tissue 0
samples was performed by W.D. Iverson, Consultant Pathologist
from Experimental Pathology Laboratories, Inc., Herndon, VA.
Robert Gibbons, Consultant Biostatistician, was responsible for
statistical design and analysis. Robert Guerrero was responsible
for the separately conducted in vitro genetic toxicology studies.

ca--erine Aranyl
Scientific Advisor
Principal Investigator
Life Sciences Research

mmnes D. Fenters

_ad, Microbiology and Toxicology
Life Sciences Research
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operations were conducted and reported to management during the
course of the program between July 26, 1984 and January 3, 1985
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1. INTRODUCTION

As part of an overall concern for personnel health and safety,
the U.S. Army Medical Research and Development Command was
seeking to evaluate the effects produced by inhalation of
combustion products from red phosphorus/butyl rubber used as an
obscurant smoke for troops and vehicles in tactical and training
environments. Laboratory rats, exposed in chambers, were used to
provide a comprehensive definition of the biological effects of
red phosphorus smoke to mammalian systems under conditions which
approximate the potential troop exposure. The approach to this
research included range-finding acute studies to determine lethal
concentrations and influence of exposure duration on mortality;
repeated exposure studies to define time-concentration
relationships as well as threshold levels, healing, and 0
adaptation in biological reactions; and subchronic exposure
studies with a recovery and observation period after the
experimental exposure. The principal biological response
criteria monitored included overt toxic signs, clinical and
morphological pathology, pulmonary bactericidal activity,
examination of the pulmonary lavage including alveolar macrophage
functional and biochemical responses, and neurobehavioral
activity. An in vivo genetic toxicology study on RP/BR
combustion product- con-i-nsates was added to the program during
the final phase of the main in vivo studies.

2. OBJECTIVES 0

The objective of the Phase IV inhalation exposure studies was to
evaluate the biological effects and the reversibility of the
observed effects of subchronic RP/BR aerosol exposures on various
biological endpoints in male Sprague Dawley rats. In Phases I
through III of the studies, the aerosol exposure system was
characterized for homogeneity (Phase I), rangefinding acute and
repeated-dose exposures were conducted (Phase II) and the
combination of the effects of exposure concentration, duration
and frequency on a series of biological endpoints were examined
in depth after a 4-week exposure and a 2-week recovery period, 0
respectively (Phase III). (See Section 3 of this report and for
more detail Phase Report I (ADA 157686, August 1983), Phase
Report II (ADA 158323, December 1983), and Phase Report iII (ADA
1735493, December 1984). The primary objective of the Phase IV
studies was to define the no-measurable effect level for the
biological response parameters assessed to be the most sensitive •
indicators of dysfunction.

IIT RESEARCH INSTITUTE
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3. BACKGROUND: STUDY PHASES I, II, and III

3.1 PHASE I

The objective of the Phase I studies was the establishment and
standardization of the inhalation exposure conditions. The
inhalation exposure facility built for this project consisted of
conditioned air supply and chamber air exhaust systems;
inhalation exposure chambers with air flow and differential
pressure controls and red phosphorus butyl rubber (RP/BR)
combustion generators. Seven one cubic-meter inhalation chambers
were available, five of which located in one laboratory were used
for exposure to RP/BR aerosols. To assure that no contact with
the experimental test atmosphere would occur, the two control
chambers for exposure to filtered air were maintained in a
separate room and connected to another air handling system that
provided the same environmental conditions. The combined exhaust
air from the five aerosol-exposure chambers was filtered through
a single-housing, 30-element coalescent filter and exhausted
above the roof of the building. To prevent corrosion, the filter
housing was built from acid-resistant polyvinyl chloride. A
pressure differential gauge installed across the filter monitored
filter saturation.

The aerosol was generated by burning RP/BR extruded through
specially designed hydraulic extrusion-combustion generators
provided by the U.S. Army Medical Bioengineering Research and
Development Laboratory through Oak Ridge National Laboratory
(ORNL). The RP/BR, softened with hexane and prepackaged in
stainless stcel feed cylinders (billets), was also supplied by
ORNL. The generator operates by exerting pressure through a
hydraulic pump on the RP/BR contained in the feed cylinder. The
material is forced by a piston to extrude from an orifice of the 0
feed cylinder extending into the burn chamber of the generator
and ignited by an electrically heated wire loop. The RP/BR is
burned in and the combustion products are mixed with conditioned
air and the aerosol is transported directly into the exposure
chamber inlet port. At a constant chamber air flow rate the
concentration of the aerosol is a function of the extrusion rate
of the RP/BR which is controlled by the automatic hydraulic pump
speed.

Throughout the studies temperature and relative humigity were
monitored continuously and maintained between 24 to 27 C and 40
to 60 percent relative humidity. The aerosol was monitored for
mass concentration intermittently by filter samples and
continuously with photoelectric sensors, for particle size
distribution with a piezoelecLric microbalance-based cascade
impactor, and for total phosphorus content by chemical analysis
of the filter-collected aerosol samples. Oxygen concentration
determined in the chambers during each exposure was consistently
21 percent. Chemical analysis of the chamber atmosphere

lIT RESEARCH INSTITUTE
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indicated the absence of hexane, levels of less than 10 ppb of
phosphine, and variable, but relatively low, levels of carbon
monoxide that could not be correlated with the RP/BR aerosol
concentrations.

The objective of the Phase I studies was to evaluate spatial and
temporal homogeneity of the chamber atmosphere in a three-
dimensional array of points through a procedure of simultaneous
sampling with cages and animal surrogates in place. For the
pilot chamber, sufficient numbers of sampling points were
selected to allow for characterization of spatial aerosol
homogeneity within the chamber along with a series of sequential
samples that were taken from a single or from multiple randomly
selected fixed points to define temporal homogeneity for a period
corresponding to the duration of the longest exposure. The
aerosol was monitored for mass concentration, particle size and
total phosphorus content at three generator settings (aerosol
concentrations) replicating all tests at each generator setting
three times. The ultimate objective was to reduce the
variability of spatial and temporal homogeneity, with appropriate
chamber modifications if necessary, to + 20 percent of the mean
of each parameter throughout the chaimbers and the range of
concentrations tested.

Three test concentrations were selected on the following basis:
the lowest operational concentration of the RP/BR generators at
the 500 liter/min air flow rates used in our chambers (C : 0.2-
0.3 mg/L); the highest concentration that could be maintained for
the 4-hr testing periods using the larger 0.75 in-diameter RP/BR
billets (C . approximately 1.0 mg/L) and an intermediate
concentratioA chosen between C1 and C3 (C 2 : approximately 0.5
mg/L).

After standardization of the pilot chamber was completed, a
single generator setting from those three evaluated for the pilot
chamber was randomly selected for each of the four remaining
chambers and spatial and temporal homogeneity tests were
conducted in three replicate experiments for each chamber.

The statistical model used was a three-factor mixed-model
analysis of variance. Concentration and location (shelf numbers
1,2,3,4 and center point) were considered to be the fixed
factors, whereas replication was considered random; hence the
term "mixed model". This model determines if between-location
differences are nonsignificant (there is spatial homogeneity) and
if differences between locations depend on concentration (there
is a concentration by location interaction). In the analysis of
temporal homogeneity time was substituted for location as the
second factor in the design.

Shelf means and individual sampling location levels were reported
in percent mean deviation units from overall chamber means.
Between chamber comparisons were made by comparing overall means
and examining deviations between the parameters measured in the
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pilot chamber and each of the other chambers at appropriate ,N'_

concentrations.

The results demonstrated that the pilot chamber was spatially, as
well as temporally homogeneous in terms of aerosol mass
concentration and percent total phosphorus and that homogeneity
was not affected by concentration.

Particle size, expressed as mass mean aerodynamic diameter (for
the chamber homogeneity calculations only), appeared to increase
from top to bottom in each chamber (with aerosol residence time)
and also with increasing aerosol concentration. The chamber
gradient within each concentration, however, was generally within
the precision of the cascade impactor. In addition, the change
in particle size for the entire concentration range tested was
0.3 to 0.6 m mass mean aerodynamic diameter which represents
particles that can be inhaled and deposited in the deep lung and
thus this statistical significance was not biologically
meaningful in terms of inhalation and deposition of particles.

To verify that the temporal and spatial homogeneity obtained in
the pilot chamber were consistent in the other four chambers,
statistical analysis for each was performed. In addition, S
maximum location deviations in terms of worst-case shelf means V
were calculated for each of these chambers relative to the
overall chamber means of each of the chambers. Although several
of these statistical tests were significant, indicating
statistical heterogeneity, the worst-case deviation for all
chambers was 17 percent from the overall chamber mean. Because 0
of the large sample size the sensitivity of the statistical
evaluation was beyond what could be required with the given
physical limitations of the system. Thus under the 20 percent
variation limit set as our goal, the data represented adequate
levels of homogeneity.

For inter-chamber comparisons, the overall means for each
parameter and for each chamber were compared to the overall means %
of the pilot chamber for that respective concentration level.
The data demonstrated that all between-chamber comparisons were
within 16 percent of the pilot chamber for all measured
parameters; hence it was concluded that the targeted
concentration values were attained in the additional chambers.

Thus the extensive statistical analysis of the pilot chamber
revealed conditions of spatial and temporal homogeneity for RP/BR
aerosol mass concentration and for percent phosphorous acid
levels. Although a statistically significant spatial particle
size gradient was found, the variation was not significant 0
biologically in terms of inhalation and deposition into the
tracheobronchial region and the deep lung. Particle sizes were
homogeneous when measured over time. Inspection of four
additional chambers revealed some statistically significant
differences; however, the worst-case deviations for each shelf
relative to its overall chamber mean and for each chamber S
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relative to the pilot chamber were under the 20 percent variation
limits set for the homogeneity tests on the basis of overall
performance of the complex test article-generator-chamber system.
Therefore it could be concluded that adequate levels of
homogeneity were attained in all chambers. (For further details
see Phase I Report, ADA 157686, August, 1983.)

3.2 PHASE II

The objective of Phase II was to conduct exploratory experiments
using range-findinq mortality studies and selected pulmonary
response parameters to provide information on and the basis for
selection of the exposure conditions for the definitive studiesA
to follow in Phases III and IV.

In early exploratory experiments, male and female Sprague-Dawley
rats were exposed to various concentrations of RP/BR aerosols
ranging from 0.5 to 3 mg/L for durations of 1- to 4-hr. Highly
significahn decreases w in pulmonary bactericidal activity to
inhaled S-Kfneumoniae were found in the exposed rats relative
to controls -after single as well as multiple exposures. The
higher exposure concentrations also produced significant A
decreases in total cell counts in the pulmonary free cells
obtained by tracheobronchial lavage from the exposed rats
relative to those collected from controls.

In subsequent range-finding mortality studies male and female
rats were given single 1-hr exposures to 2.00, 2.22, 2.62, 3.09
and 3.15 mg/L of RP/BR aerosols and observed for 14 days. Only
the exposures to >2.62 mg/L caused deaths. The maximum mortality
resulting from a-single 1-hr exposure to approximately 3 mg/L of
RP/BR aerosol (maximum generator capacity) was 20 to 25 percent,
whereas 2.62 mg/L resulted in 6 percent deaths. A single 4-hr
exposure to 0.88 mg/L, with a CxT value similar to those in the
3.09 and 3.15 mg/L 1-hr studies caused no deaths, thereby
suggesting that exposure concentration is the determining factor
rather than duration. These experiments demonstrated that LC50
studies with single exposures at logarithmically-spaced
concentrations were not feasible in the range of aerosol
concentration levels physically attainable with the generators at
the air flow rates required in our inhalation exposure system.

In a follow-up multiple exposure study, rats inhaled RP/BR
aerosols for I hr daily on 5 consecutive days at concentrations
of 1.56, 1.99, 2.49 and 3.05 mg/L. Mortality rates, mean
survival times, body weights and overall clinical observations
were made during the 5 exposure days and for a 14-day post-
exposure observation period. 0lecropsies were done on all animals
that died during the study and on survivors on Day 19. Mortality
changes for the two sexes combined ranged from 5 to 90 percent.
The estimated LC50 value was 2.32 mg/L with 1.99 to 2.73 mg/L 95
percent confidence limits.
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When rats received five daily 4-hr exposures to 0.35 or 0.99 mg/L
of RP/BR aerosol only one died. Comparison of body weights and
of clinical observations for the 1- and 4-hr studies showed
markedly adverse effects after the 1-hr and practically
negligible ones after the 4-hr exposures. Thus the greater
influence of exposure concentration on toxicity over duration was
again demonstrated.

Based on the results of these initial range-finding experiments,
follow-up studies were conducted on male and female rats using
four daily exposures to 0.50 mg/L of RP/BR aerosol and comparing
1.0 and 3.5-hr exposure durations. Pulmonary free cell
parameters and structural changes, as evaluated by gross necropsy
and histopathology, were tested immediately following the last
exposure and after a 14-day r,.covery period. In an additional
study, rats were exposed to 0.50 mg/L of RP/BR for 3.5-hr daily 4
days per week for 4 weeks. Gross pathologic observations were
made after the last exposure and 2 weeks following the last
exposure. All studies includea daily clinical observations and
regular body weight determinations..

No deaths occurred in any of the studies and generally no
treatment-related clinical observations were seen. Statisticaled
analysis of body weights showed that exposure duration was not a
significant factor. When body weight changes were analyzed over
the entire period of exposure and recovery, the 4-day as well as A
4-week exposures produced weight decreases in male and female
rats relative to controls that did not return to the normal
control level within the recovery period.

Exposure duration did not have a significant effect on the
pulmonary free cell parameters. Total and differential cell
counts in the pulmonary lavage were not affected. Cellular ATP
levels in the lavaged cells were significantly decreased when
examined immediately after the fourth exposure; however, recovery
was complete after 14 days.

No compound-related gross pathologic lesions were observed during
necropsies immediately following the last exposure or after a 14-
day recovery period in either the 4-day or the 4-week exposure
group.

Microscopic examination of the tissues immediately following the
4-day exposure and after a 2-week recovery period did not reveal
any treatment-related changes in kidneys, trachea and nasal
turbinates. However, lungs of several animals had focal areas of
interstitial reaction with alveolar macrophages which was
considered to be potentially treatment-related. These animals,
however, also had moderate to marked lymphoid hyperplasia of
pulmonary lymph nodes which suggested that an infectious agent
may have produced the pulmonary lesions. (For further details
see Phase II Report, ADA 158323, December, 1983.)
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3.3. PHASE I I I

The objectives of the repeated exposure studies of Phase III were
to evaluate the interactive effects of exposure concentration,
duration and frequency conditions to select the most sensitive
biological response parameters for the subsequent subchronic
studies of Phase IV. To accomplish these objectives, an
experimental design using response surface modeling was applied.
This statistical approach allowed us to examine multiple 0
biological response parameters under a large number of
experimental conditions and to select the most appropriate
combinations of these factors for testing in the final
experimental design. The experimental conditions included
various combinations of exposure concentrations, durations and
frequencies used over a four-week exposure period. The
experimental endpoints tested immediately after the last exposure
and after a two-week recovery period included pulmonary cellular
responses, neurobehavioral activity, genetic toxicology, clinical
and morphological pathology, as well as standard toxicologic
observations (body weights, food consumption and clinical
observations).

The investigation was divided into three main studies. The first
study was to define the experimental conditions in terms of
combinations of exposure concentrations, durations and
frequencies that produce maximal effects in the biological
response parameters selected for the project. Our statistical
approach made it possible to work with a low subject number (n-4)
for this initial study as necessitated by the complex
experimental design. This design consisted of four concentrations
(0, 0.40, 0.75 and 1.00 mg/L), two durations (1 and 3.5 hr) and V
three frequencies. The frecuencies examined were exposures on
two consecutive days (Fl), four consecutive days (F2), or two
days separated by two days of rest (F3). Maximally stressed
controls inhaling filtered air for 3.5 hr/day on four consecutive
days/week were used with all exposure combinations. The total
exposure period was four weeks with biological assays conducted
immediately after the last exposure and for two concentrations
(high dose and control), one frequency (F2) and one duration (3.5
hr) tested also after a two-week recovery period. Thus animals
exposed to the most stressful conditions were used in the
recovery study.

With a sample size of four animals this design obviously is
inadequate to test the four-way interaction of concentration by
duration by frequency by recovery. This sample size is adequate,
however, for tests of main effects and two-way interactions. For N.'.
example, the main effect of concentration has a relative sample
size of 24 animals per dosage group and control (since the design
is completely balanced). The concentration by frequency and
concentration by duration interactions also have adequate sample
sizes. In light of this, the selected sample size in this first
study yields more than adequate statistical power for an initial
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characterization of the response surface involving main effects
and all possible two-way interactions. Further studies using
more specific experimental conditions had appropriately increased
sample sizes.

The results of this first study showed relatively few compound-
related effects and those that were observed, in general, also
exhibited complete recovery. Although there were exceptions to
this rule, given the large number of parameters tested, these
effects could have occurred by chance. Furthermore, when
statistically significant interactions did occur, main effects
were, in general, absent. Conversely, strong main effects only
occurred for parameters which did not have interactions. These
findings further point to the fact that these observations were
spurious, and thus it could be concluded that duration and
frequency did not appear to produce major changes in the effects 9
of exposure concentration.

Based on these results, more specific conditions with increased
sample size were selected for the subsequent studies. In the
second and third extended studies with male and female rats,
respectively, more detailed examination of dose response
relations were made for a single duration and frequency
combination. Since the outcome of the first study showed that
frequency and duration did not affect results significantly,
exposure on four consecutive days per week (F2) was selected to
explore the "worst case" situation and 2.25 hr, the mean between
the previously tested 1 and 3.5 hr was chosen as the single
duration. The RP/BR exposure concentrations of 0.75, 1.00 and
1.20 mg/L were used in the study with male rats and this range
was lowered to 0.40, 0.75 and 1.0 mg/L for the study with female
rats. The increased sample size of n-15 used in these two
studies allowed for direct estimates of the recovery effect (i.e.
concentration by recovery interaction) and also for obtaining
multivariate test statistics in addition to the previously
reported univariate results.

Aerosol exposure monitoring data indicate that the target
concentrations were well maintained at each exposure level
throughout each of the three studies. Mean RP/BR mass -•

concentrations were consistently within 4% of the target value 0
when measured gravimetrically and within 3% of the required
concentration when determined using the light scattering
photosensor. Standard deviations of the daily mean
concentrations were below + 8% in every instance when calculated
for either sampling meLhod. Excellent agreement between the
gravimetric and light E;cattering methods were demonstrated with
variations in mean daily concentration between each method being
approximately equivalent in magnitude to the deviations due to .

actual concentration fluctuation measured within each method.
The particle size data indicate excellent aerosol stability
throughout the exposures with the mean ranging from 0.44 to 0.64
pm and mean og from 1.66 to 1.97. Phosphorous acid levels ranged
from 61 to 74%. The variation from sample to sample is generally
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thought to include the inherent errors due to sampling and
chemical analysis in addition to the actual fluctuation in
phosphorous acid levels in the chambers.

During the exposure period, wheezing and labored breathing were
observed in male rats exposed to the high concentration level.
Decreased body weights, body weight gains and reduced food
consumption, seen in male rats only, at all concentration levels
during the exposures, returned to normal after the recovery
period. Although an overall mortality of 12.1% was observed in
male rats exposed to the high concentration level (1.2 mg/L) this
was due to a 70-minute concentration overrun to 1.65 mg/L in one
of the chambers on the first day of the exposures. The 5.2%
mortality value observed in a second chamber reflects the effect
of the exposure more realistically. In female rats only a single
death was observed during the entire study and this 0.8%
mortality occurred in the mtedium (0.75 mg/L) concentration level.

While many statistically significant main effects and
concentration by recovery interactions were determined for
individual response parameters in clinical pathology, only a
small percentage were deemed to be biologically significant; the
remainder were judged to be biologically insignificant due to
their small change in absolute value relative to the control
value, the associated standard deviation and their absolute value
being within or close to the published normal range for the
particular parameter measured. Among the prominent biological
effects of RP/BR aerosols on hematology values were, therefore,
decreased WBC counts in the male rats immediately after
termination in the 0.75- and 1.0-mg/L-treatment groups, and their
return to within-normal-limits at the end of the recovery period.
Increased lymphocytes were seen in the 0.75-mg/L-treated female
rats at both time periods in addition to a general and minimal
trend of increased lymphocytes in all female RP/BR-exposed
animals.

A greater number of clinical chemistry endpoints showed
statistically significant changes. Decreased cholesterol and BUN
values were seen in all RP/BR-exposed male rats at termination of
the exposures with a return of values to within-normal-limits at
recovery sacrifice for cholesterol, but not for BUN in the 1.0
mg/L treatment group. Treatment-induced decreases in cholesterol
and triglyceride levels were seen in all RP/BR-treated females at
termination. Only female rats receiving 1.0 mg/L RP/BR showed
significantly decreased cholesterol and triglyceride levels after
the recovery period , whereas rats receiving 0.75 or 1.0 mg/L
showed decreased BUN levels at the same time point. The clinical
chemistry data for both sexes suggest a forthcoming and total
recovery in that the dose-response effect of treatment has
diminished at recovery. A longer recovery period may have
allowed for the return-to-normal values of all individual
parameters.
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Statistical evaluation of the pulmonary response data showed
significant interactions and main effects in various categories
for which subsequently individual past hoc comparisons were made.
A review of the data demonstrates --tat in vivo bactergiidal
activity of alveolar macrophages (AM) to inhaled S-K.
pneumoniae and the percentage of macrophages in the cellular
lavage were not affected by the exposures in either of the sexes,
and phagocytosis was unaffected in female rats, Total cell
counts were significantly increased in the pulmonary lavage
from female rats immediately after exposure to 0.75 or 1.0 mg/L,
while differential counts remained unaffected. Since 97 to 99%
of the cells were macrophages, this indicates an increased number
of AM in the lungs following exposures. After the recovery period
the counts were no longer different from controls. The lack of
increase in total cell counts for the exposed male rats was
attributed to some high outlier values in the controls.

There were significant increases in cellular ATP levels of male
and female rats immediately after the last exposure at all
concentrations tested, except for the females exposed to 1.0
mg/L. After recovery only part of these values remained
elevated. Although the pattern of these changes is not entirely
clear, the general increase in cellular ATP levels indicates an K
increased energy supply that may be responsible for the
unimpaired phagocytic and bactericidal activity obsterved
immediately after these exposures. The most consistent finding
in AM of male and female rats from all treatment groups was
decreased activity of the plasma membrane-associated ectoenzyme
5'nucleotidase (5'-ND). In addition, alkaline phosphodiesterase
(APDl) activities were decreased in AM of male rats after
recovery. A decrease in 5'-ND activity is considered to be a
marker for a change in the resident peritoneal macrophage (PM)
population in mice, while decreased activity of both 5'-ND and
ADPl in PM has been associated with enhanced in vitro anti-tumor
and antiviral activity. Although, to our knowT-edge, such changes
have not been interpreted yet in a similar fashion for AM in
rats, these data suggest that there may be a change in AM
population induced by exposure to RP/BR and that these cells may
have been primed for activation or activated as evidenced also by
the significant increases in cellular ATP levels.

A significant increase in the protein level of the pulmonary
lavage fluid of rats of both sexes after exposures to the high .,
concentrations (1.2 and 1.0 mg/L for males and females
respectively), indicating pulmonary capillary fragility,
exhibited complete recovery in males.

Of the neurobehavioral parameters, locomotor activity was
significantly affected by exposure to RP,/BR aerosols. Male rats
showed increased motor activity at all concentrations and
incomplete recovery after two weeks at some concentrations. In
females there was a trend toward increased activity but no
evidence of effects after the recovery period. None of the
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other behavioral endpoints were altered by the exposures in a k

consistent fashion.

A micronucleus analysis was performed on bone marrow
polychromatic erythrocytes and normochromatic erythrocytes and on
circulating red blood cells of female rats exposed for two or
four weeks to filtered air or to 1.0 mg/L of RP/BR-smoke and
after a two-week recovery period following four weeks of
exposures. The results showed a significant clastogenic response
in both bone marrow and RBC's of female rats that were exposed
for two weeks to the RP/BR aerosol. However, no effects were
found after four weeks of exposures or after a two-week recovery
period following the four week exposures. Thus these results
indicate that RP/BR aerosol is a weak clastogen for female
Sprague-Dawley rats. The negative results found after four weeks
of exposures and after the two-week recovery period suggest that
the rats recruit biochemical pathways to detoxify and clear the
genotoxic fractions and that under the exposure regimen used, an
adaptation is in effect after four weeks of exposures.

Histopathologically no treatment-related changes were seen in
tissue outside the respiratcry tract in any of the studies. -0
Changes were seen in the lung, where the primary lesion was
terminal bronchiolar fibrosis which first became evident when the V
rats were exposed to 0.40 mg/L of aerosol for 3.5 hr/day for four
consecutive days. The lesion increased in incidence and severity
with increased concentrations and length of exposure and did not
exhibit recovery. The use of Masson's trichrome special stain S
confirmed that part, but not all of the thickening of the
terminal bronchioles and associated alveoli was due to fibrosis -
the formation of the new collagen fibers in excess of what would
normally be present.

When male rats were exposed to 0.75, 1.0 or >1.2 mg/L and female
rats inhaled 0.40, 0.75, or 1.0 mg/L of RP/BR aerosols for 2.25
hr per day, on four consecutive days per week for four weeks,
all, except those exposed to 0.40 mg/L, had minimal to mild to
moderate terminal bronchiolar fibrosis after both the end of the
exposure and recovery periods. As the thickening which comprised
this lesion became more severe, increased amounts of collagen
were present in these areas as evidenced by Masson's trichrome
stain. A treatment-related increase in peribronchiolar
eosinophilic infiltrate appeared to regress during the recovery
period.

An additional study which compared rats from the Madison, WI and
Indianapolis, IN breeding colonies of Harlan-Sprague-Dawley,Inc.
was conducted in order to choose the most appropriate animals for
the upcoming subchronic exposures. Based on the observations
made in these studies and the advisability of working with PVM-
free animals in an inhalation exposure, the rats from the
Indianapolis breeding colony were selected for the subchronic
exposures. (For further details see Phase III Report, December, 0
1.984.)
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3.4 IN VITRO GENETIC TOXICOLOGY TESTING

Within the time frame of the main Phase IV in vivo studies and
with additional funds added to the contract T*or-tEs purpose, a
separate in vitro study was conducted to determine the genotoxic
properties-oE-1-te condensates of RP/BR combustion products. The
organic and water soluble fractions from RP/BR aerosol generated

*• with the same methods described in the main in vivo studies were
collected and the combined fractions were '-estedfor genotoxic
properties in vitro in three short-term bioassays. The BP/,BR
condensate was evaluated for its ability to cause point mutations
in bacteria with the Ames plate incorporation assay, for its
ability to cause primary Dz1A damage in the form of unscheduled
DNA synthesis (UDS) in primary rat hepatocytes, and to cause
clastogenic damage in the form of chromosome aberrations in
Chinese Hamster Ovary cells (CHO).

The RP/BR aerosol extract was prepared by collecting the
condensate from 9000 liters of both filtered air and of I mg/L
aerosol RP/BR in liquid oxygen-cooled Dewar traps. The organic

( fractions were extracted with methylene chloride from both
samples and the residues then solubilized in DMSO. The aqueous
fractions were vacuum concentrated and then the organic and
aqueous fractions were combined. The air control sample was used
as the solvent control in the in vitro assays. Since the RP/BR
condensate was 95% phosphoric acid, phosphoric acid pH controls

Swere included for each dose to correct for any genotoxic effects
caused by pH alone.

The Ames tests and UDS test results were both unequivocally
negative and the results were not influenced by low pit
conditions. The chromosome aberration assay gave positive dose
responses with the RP/BR condensate; however, when the results
were corrected for pH effects, the clastogen damage due to the
condensate was not significant. Therefore, the pH gradient alone
caused the false positive dose response.

Thus based on the results of these studies, RP/BR condensate does
not cause point mutations of bacteria, primary DNA damage in rat
hepatocytes, or clastogenic damage in CHO cells under the
conditions tested. The reports on these assays are included in
toto in Appendix D.

I
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4. MATERIALS AND METHODS

4.1. ANIMALS

Male Sprague-Dawley rats, 3 to 4 weeks-old were obtained from the
Indianapolis, IN breeding facility of tiarlan/Sprague-Dawley,
Inc., for both studies of Phase IV. Purina Certified Rodent
Chow 5002 and water were available to the rats ad libitum except
during the exposures.

The animals were observed daily during a 14-day quarantine
period. Prior to assignment to treatment groups all rats were
subjected to physical examination and specimens were examined for
pathogenic bacteria, molds, yeasts, M coplasma pulmonis and 6'
endoparasites. Serum samples from Hen rats were sent to
Microbiological Associates, Bethesda, MD, to obtain virologic
antibody titers for Kilham rat virus, Toolan H-i, pneumonia virus
of mice (PVM), Sendai, rat coronavirus and sialodacryoadenitis
vi rus.

The rats were housed individually in stainless steel inhalation
cage compartments measuring 18.4 x 16.5 x 15.9 cm. Twenty-four
cage units, each containing four compar.tments, were attached to
each rack housing a total of 96 cats, when attached to the racks
the cages were equipped with an automatic drinking water
distribution system and were suspended over excrement pans. For
exposkure the cages were removed from the racks and the rats are
move(] in their cages into the inhalation chambers. The animals
were transferred weekly to clean cages and deotized absorbing
cage boards placed on the excrement pans were changed three times
per week.

The holding rooms in which the test animals were housed during
non-exposure periods were monitored each working day for
temperature and relative humidity (R1I). The mean and standard
deviation for temperature and percent R11 were 22 + 1.4 C and
43 '- 14% RI1. The animal rooms were maintained on 11 )r light/
dark-cycle.

Animals were randomized to treatment groups using a constrained
random process, st-atified by weight, such that all groups were
compaL'able in pretest body weight, but assignment of individual
animals to groups was random. Each test animal was identified
with a unique number by an ear tag.
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4.2. GENERATION AND MONITORING OF THiE TEST ATMOSPIIURt

4.2.1. Red Phosphorus/Dit.yl Rubber (RP/BR)

The test article, hexane-softened RP/BR, was supplied by the
Sponsor through ORNL in tightly capped 0.75 inch-diameter and 4.5
inch-long stainless steel feed cylinders (billets) and stored at
room temperature. A record of the test article was maintained
which included date of receipt, identification numbers of each
cylinder, and the date and study number for which it was used,

4.2.2. Inhalation Exposure Facility

The rats were exposed to the test atmosphere in seven identical
1-m-sized stainless steel inhalation chambers operating at an
airflow rate of 500 L/min. The five chambers used for exposure
to RP/BR aerosol and the two filtered air control chambers were
located in separate rooms.

The inhalation exposure chambers were equipped with air flow and
differential pressure controls, conditioned air supply and
chamber air exhaust systems, red phosphorus/butyl rubber
extrusion-combustion generators and various aerosol monitoring
systems.

Supply air to the inhalation exposure laboratory was conditioned
by passing through particulate prefilters, charcoal filters and
an air conditioning unit. Automatically controlled heating and
humidifying units built into the supply air system maintained the
air temperature and RH at the specified ranges of 24 to 27 C and
40 to 60 percent, respectively. Prior to entering the exposure
chambers the conditioned air was further fil'.ered through a IN

fiberglass coarse filter, a HEPA filter and a charcoal bed.

The combined exhaust air from the exposure chambers was filtered
through a single-housing, 30-element coalescent filter and
exhausted above the roof of the building. To prevent acid
corrosion the filter housing was built of polyvinyl chloride.
The control chamber exhaust was independent from that of the
experimental test chambers to avoid potential contamination from
the RP/BR aerosol. The negative chamber pressures and exhaust
filter loading were monitored using differential pressure gauges.
Chamber airflow rates were determined by measuring the pressure
differential across a calibrated in-line orifice meter.

The aerosol was generated using specially-designed hydraulic .'
extrustion-combustion generators provided by the Sponsor thriough
ORNL. The generator operated by exerting hydraulic pressure on a
drive piston which compacted the RP/DR into a delivecry cylinder, .
forcing the material to extrude from a smaller diameter orifice
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into a burn chamber where it was ignited. The aerosol, resulting
from the combustion process, was transported either directly into
the exposure chamber inlet, or, to achieve lower concentrations,
through an aerosol dilution system. At a constant chamber
airflow rate the aerosol mass concentration was a function of the
extrusion rate of the RP/BR, which was controlled using a
precision hydraulic metering pump.

To attain the lower concentrations (0.05, 0.18 and 0.30 mg/L)
used in the second subchronic study, an aerosol dilution system
was used. A schematic diagram of the design is shown in Figure
1. The system consisted of a slip stream section, for controlled
removal. of a portion of the original high-concentration generator
effluent, and a dilution section which provides the necessary
make-up air. The two sections were connected by a smaller
diameter inner tube. The original aerosol-laden carrier stream
entered the system at P1 and was reduced in volume by directing a
portion of the aerosol flow to the exhaust through valve V1.
Filtered dilution air entered the dilution section through V2.
The pressure at P2 was slightly less than at PI, so that the
remaining aerosol carrier stream was aspirated through the inner
connecting tube and dynamically diluted in the next section. The
required dilution ratio was achieved by balancing the flow rate
of the aerosol through the inner tube with that of the filtered
air through the dilution section. Aging of the aerosols was not
a problem as the original undiluted aerosol flow rates and
velocities were maintained throughout the system.

4.2.3. Aerosol Monitoring

The RP/BR aerosol mass concentration was determined three times
in each chamber during the 2.25 hr exposure periods by
gravimetric filter collection. In addition, the aerosol
concentration levels were continuously monitored in real-time
using light-scattering photosensors equipped with strip chart
display of the amplifier signal outputs. An integrated average
of the photosensor reading was recorded simultaneously with the
gravimetric filter sample collection. Aerosol particle size was
determined with a Quartz Crystal Microbalance-based cascade
impactor (QCM). The particle size was monitored in each chamber
once on each exposure day. Determination of total phosphorus was
conducted by spectrophotometric analysis of one solubilized
filter-collected sample per chamber per exposure week. All
collected filters were recorded and stored in sealed containers
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until submitted for chemical analysis. Oxygen levels, supply air
temperature and RH were monitored daily. These inhalation
exposure facilities and aerosol monitoring methods have been
described in more detail in the Phase I Report of this project.

4.3. BIOLOGICAL ENDPOINT ASSAYS

In the following sections the experimental methodology is
described for all assays. Information on the -umber of rats used
for each assay is provided in the sub. luent section on
"Experimental Design".

4.3.1. Pulmonary Response Parameters

4.3.1.1. Pulmonary Bactericidal Activity to 35S-K. pneumoniae

35
Aerosols of S-Klebsiella pneumoniae disseminated with a Retec
X-70 disposable nebulizer were used for the bactericidal activity
assay, using a method previously described for mice (Aranyi et pi..
al., 1983) and adapted for rats. Radiolabeled K. pneumoniae were
grown in a medium in which t• sulfate requirement of the
bacteria was provided by [ S) sodium sulfate. Before
aerosolization, the bacteria were washed repeatedly and
centrifuged for removal of unattached radiolabel. Bacterial
counts were determined in a Petroff-Hausser counting chamber by
dark-field microscopy and by the culture plate technique.
Radioactive counts were measured in a Mark III Liquid
Scintillation System (Tracor Inc.).

S

The radioactive bacterial aerosol exposure chamber, installed in
a glove box consisted of an 87-liter main compartment (adequate
for exposure of 30 rats) that was accessible through appropriate
airlocks through which the animals were moved. An additional
small airlock provided entry into the glove box for the
nebulizers and impingers. To prevent radioactive and pathogenic
exposure hazard to laboratory personnel, all air exhausted from
the chamber was passed first through an absolute filter placed
within the glove box and subsequently through a HEPA filter
located on the outside.

Pulmonary bactericidal activity was determined in the lungs of
the individual animals from both exposed and control groups that
simultaneously inhaled aerosols of the viable radiolabeled
bacteria. The ratio of the viable bacterial counts to the
radioactive counts in each animal's lungs provided the rate at
which bacteria were destroyed 3 hr after infection. Thus, ?
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% Bactericidal activity = 1- -) 100
K
0

where R3 is the ratio of bacterial to radioactive counts in the
lungs of individual rats at 3 hr, and K is an average determined
from the same ratios in the lungs 8f rats killed immediately
after inhaling the bacteria.

Thus some of the rats designated for the bactericidal activity
assay are killed immediately after the bacterial. challenge for
determination of the K ratio, i.e. the ratio of viable bacterial
counts to the radioactive counts at time 0. Unlike the animals
that are held for 3 hr (and used in the calculation of R ), the
0-hr animals are only used as a factor in the calculatigns and
therefore are not included in the computation and statistical
evaluation of percent bactericidal activity. In addition, in a
few cases, contamination on the bacterial plates may prevent
evaluation of the viable counts and calculation of bactericidal
activity for a given animal. Thus the n which appears in the
tables of the "Results" section is not always the same as the
number of rats designated for bactericidal activity in the
following "Experimental Design" section.

4.3.1.2. Pulmonary Free Cells and Lavage Fluid

Within 4 hr or 14 days after the last exposure, alveolar 0
macrophages (AM) were obtained by tracheobronchial lavage. The
rats were weighed, killed with an overdose of sodium
pentobarbital by intraperitoneal injection, and the lungs were ,
lavaged through a blunted 18 g needle inserted into an incision
in the trachea with nine consecutive 6-ml infusions of warm
saline. The AM were collected from the lavage fluids by
centrifugation and resuspended in Hanks' balanced salt solution
(HBSS). The supernatant was saved for protein determination in
the lavage fluid.

Cell Counts. Total cell counts were made in a
h-emocytometer. For determination of the cellular
distribution (i.e., percent of AM, polymorphonuclear
leukocytes and lymphocytes), differential counts were
made on cytocentrifuge preparations of cells fixed in
methanol and stained with Wright's stain.

Cellular adenosine triphosphate (ATP) levels were
determined as previously descri ed (Aranyi et7-iIT 1981)
using a DuPont 760 Luminescence Biometer with the
procedure recommended for the instrument. The assay is
based on the principle that when a microsample containing
ATP is injected into a suitably buffered reaction mixture
of luciferase and luciferin, the peak intensity of the
resulting light flash is directly proportional to the
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concentration of ATP. ATP was extracted from aliquots of
the cell suspension cells by dimethyl sulfoxide (DMSO).
The DMSO extracts were diluted with a specially prepared
0.01 M morpholinopropane sulfonic acid (MOPS) buffer to
overcome the quench effect of the high concentration of
DMSO in the aqueous extract for the luciferase-luciferin
reaction.

Phagocytosis. An in vitro phagocytosis gsay which -, -

measures the abiliEy of 5 1 rat AM to engulf Cr-labeled
chicken red blood cells ( CR-CRBC) was used (Smialowitz
et al, 1984). AM lavaged from the l~ngs of exposed or
control rats were adjusted to lxlO AM/ml in media
containing the maximum subagglutinating dilution of anti-
CRBC antiserum and three 0.5 ml samples ýTre placed in
12x75 mm sterile polypropylene tubes. Cr-CRBC at a
10:1 of CRBC to AM ratio are added in 50 ul volumes to
each tube. The assay tubes were placed in carrier tubes
to guard against possible radioactive leakagg and
incubated for 1 hr on a tube rotator in a 37 C CO
incubator. After incubation, the tubes were centrifugea
and spontaneous release counts were made on the collected
supernatants. The pellets were then 5?suspended in
lysing buffer to lyse any nonengulfed Cr-CRBC. The
cell suspensions were centrifuged one more 9ime, the
supernatants discarded, and the AM-associated Cr-CRBC
were counted in the pellets in a gamma counter (Tracor
Inc).

Total cellular protein. For determination of total
ce- ular protein content, aliquots of the cell
suspensions were treated with 1 percent sodium
deoxycholate (SDC) and assayed by the Lowry method (Lowry
et al, 1951).

Lavage fluid proteins. Lavage fluids were assayed for
protein with the Lowry method without SDC treatment.

Ectoenzyme Activity. Alveolar macrophage plasma membrane
ectoenzyme activities were de ermined on aliquots of AM
lysates. Approximately 2.5xlO AM per rat were lysed in w
0.05 percent Triton X-100 and frozen until used.

o Leucine aminopeptidase (LAP) activity was determined 0
according to the method of Morahan (1981). The AM
lysate was placed in pH 7 5 phosphate buffer and
incubated for 15 min at 37 6C with 10 mM leucine p-
nitro-anilide substrate. The amount of p-nitroaniline
released was measured at 405 nm with a
spectrophotometer.

o Alkaline phosphodiesterase (APDl). An aliquot of AM
lysate was mixed with Sorenson's gl-cine II Buffer (pH
9.6) and incubated 30 min at 37 C to measure APD1

lIT RESEARCH INSTITUTE

28
I



activity according to the methcA of Edelson and Gass
(1981). The release of p-nitrophenol by APDl was
quantitated by measuring optical density at 400 nm in
a spectrophotometer.

o 5'-Nucleotidase (5'-N) activity was measured according
to the procedure of Edelson and Duncan (1981). The AM
lysate was mixed with pH 3 9.0 Tris-HC1 buffer and
incubated with 25 nCi 5"[ H]-AMP/ml, 0.15 mM 5'-AMP
ang 6 mM p-nitrophenylphosphate for 30 minutes at
37 C. The amount of tritiated 5-'AMP hydrolyzed was
measured with a liquid scintillation counter.

For calculations of ectoenzyme activities, the protein
concentration of each AM lysate was determined according
to the method of Bradford (Edelson and Duncan, In Methods
for studying mononuclear phagocytes, Academti- Press,
1981, pp. 339-343). Dilutions of AM lysates were mixed
with Bio-Rad Protein Assay Dye Reagent and the optical
density read at 595 nm in a spectrophotometer. Protein
concentrations of AM lysates were obtained by comparing
O.D. values with samples of known protein concentration
using reverse linear regression.

Expression of data: Aactericidal activity was expressed as the
percent of -- nhal--ed S-K. pneumonia killed in the lungs 3 hr
after challenge (% RC).- Total cells counts were Sxpressed as
number of cells x 10 per rat or as total cells x 10 per g body
weight (Totcell/g BW). The relative macrophage portion of the
differential cell counts was expressed as % macrophages 5
Cellular protein content was reported as ug proteig per 10 .

cells. Cellular ATP contgnt was expressed as ATP fgxl0 peg 1 10
cells and as ATP fgxlO per ug protein. Phagocytosis of Cr-
CRBC was reported as the raean radioactive count (CPM). Lavage
fluid protein was expressed as total ug protein recovered per g
body weight. The specific activity of each of the ectoenzymes
ALAP, APD1 and 5'-N) was expressed as units of specific activity
(SA) where SA equals nmoles substrate hydrolyzed/min/mg protein.

I !

I
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0
4.3.2. Neurobehavioral Activity

Subsets of the rats were tested behaviorally on the day of the
last exposure. Separate groups of rats were evaluated for
recovery of behavioral indices 8 weeks after the last exposure.
The behavioral indices considered were fore- and hindlimb grip
strength and locomotor activity as measured in a figure-eight
maze. The tests were administered in the order listed above.

4.3.2.1. Locomotor Activity

The apparatuses for locomotor activity measurements were two
figure-eight mazes (Digiscan Animal Activity Monitors, Omnitech
Electronics, Columbus, OH) with an eight-channel printout counter
(Datalogger 8000, Omnitech). In the figure-eight maze. activity
is measured as photobeam interruptions for 8 sets of photobeam-
sensor combinations spaced through the arms of the maze. Each
animal was placed individually in the figure-eight maze for a X
period of 20 min and an interim count was printed after the first
10 min. Thus, the three activity counts analyzed were expressed
as. activity for the first 10 min, activity for the second 10
min and activity for the total 20 min.

4.3.2.2. Fore- and Hindlimb Grip Strength

The apparatus and procedures for fore- and hindlimb grip strength
were as described by Meyer et al (Neurobehav. Toxicol. 1, 233,
1979). Briefly, this test employed pull-push strain-gauges
(Chatillon, Models DPP-l.0 kg and DPP-2.5 kg, J.A. King,
Greensboro, NC) to measure the grip force of the fore- and
hindlimbs. The animal was placed in a trough and allowed to grip
with its forepaws a triangular grasping ring which was attached
to the forward-mounted strain gauge. The animal was steadily
pulled by the tail away from the ring until the grip was broken.
Pulling was continued until the hindlimbs grasped a T-bar mounted
on a second strain gauge behind the trough, and further continued 0
until the grip of the hindpaws on the T-bar was broken. The
animal received three consecutive trials and fore- and hindlimb
grip strength (grams force) was recorded from the forward and
rear strain gauges. The fore- and hindlimb grip strength scores
for each animal were derived by averaging the results of the
three trials.
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4.3.3. Standard Toxicology

4.3.3.1. Mortality, Clinical Observations, Body Weights and
Food Consumption

All animals were observed daily in the morning for survival,
physical appearance, behavior and any pharmacologic and/or
toxicologic signs. All observations were recorded on an
individual test animal basis. In addition afternoon survival
checks were performed.

Each animal was weighed, using a Mettler PE 1600 balance with a
special animal weighing mode, at the time of test animal
selection, at the initiation of the study, weekly thereafter and
prior to the last exposure. For the rats designated for recovery,
the body weights were recorded at the aforementioned time points
and continued weekly until study termination.

During the first study average food consumption (FC) was measured
for individual rats over 24-hr periods every four weeks (Weeks 4,
8, 12, and during the recovery period at Test Weeks 16 and 20)
for animals designated for general toxicology (TOX) endpoint
parameters in the protocol.

4.3.3.2. Necropsy and Histopathology

Rats were killed with sodium pentobarbital and exsanguinated from
the abdominal aorta, either following 13 weeks of exposure or
after 8 weeks of recovery following the exposures, and necropsied
under the supervision of the staff pathologist. (Interim
necropsies were conducted following 2 and 4 weeks of exposure on
6 rats each of the medium and high dose and control groups in the
first study only to explore the onset of pulmonary fibrosis.)
The necropsy procedure included a thorough examination and
dissection of the animal viscera and carcass and collection and
fixation of all major tissues in 10% neutral buffered formalin
(NBF). All tissues and/or organs were examined in situ before
dissection from the carcass for individual examinaETon. Tongue,
trachea, lungs and pulmonary lymph nodes were removed intact.
The lungs and nasal passages were infused with and subsequently
submersed in NBF. Tissues were fixed not less than 48 hours
prior to trimming.

Tissue trimming (wet sectioning) was performed at IITRI under the
supervision and direction of the staff pathologist. Organs were
trimmed to allow the largest surface area possible for
examination. Each lung lobe was sectioned along its main
bronchus. Both a cross section and a longitudinal section of the
trachea were made. Two transverse sections of the skull through
the nasal turbinates were made at the incisor's and the palatal 0
ridge level.
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For all 24 designated animals of the terminal (12) and recovery
(12) groups of the first study and all animals found dead or
killed in a moribund state the following tissues and/or organs
were microscopically examined: larynx, trachea, pulmonary lymph
nodes, each lobe of the lungs, and two levels of the nasal
turbinates. In addition esophagus, heart, liver, kidneys,
adrenals, duodenum, eyes, stomach, urinary bladder and testes
were processed for all terminal and recovery animals from the
control and the 1.2 mg/L-treatment-groups. For rats killed in '

the interim necropsies after 2 and 4 weeks of exposure, only the
lungs were processed and examined.

For the second study the necropsy procedure included examination
and collection of the following tissues from 20 rats designated
for pathology: tongue, larynx, trachea, thyroids/parathyroids,
lungs with respiratory lymph nodes, thymus, nasal turbinates,
heart, kidneys, liver, brain, gross lesions and tissue masses.

The following tissues and/or organs were examined
microscopically: Each lobe of the lungs with pulmonary lymph
nodes and gross lesions were prepared for all 20 necropsied
animals per treatment group. In addition, the trachea and one
transverse section of the skull through the nasal turbinates (at
the palatal ridge level) were examined in 10 selected animals
(even numbered) per concentration and time point.

Tissues in paraffin blocks were submitted to Experimental
Pathology Laboratories Inc. (EPL), Decatur, IL where hematoxylin 0
and eosin stained sections were prepared and examined. Selected
specimens from lung tissue were also examined by Masson's
trichrome stain for demonstration of collagen fiber formation.

4.4. STATISTICAL METHODS

Two general statistical approaches to the analysis of these data
were taken. In terms of BC activity, a three factor mixed-model
analysis of variance was performed. The fixed effects in this
design were concentration (with 4 levels) and recovery (with two
levels) and the random factor was replication; hence the term
"mixed-model". In the presence of a significant main effect of
concentration or concentration by recovery interaction, post hoc
comparisons were made using Dunnett's test. Per cent BC data
were natural log transformed prior to analysis to better
approximate the assumed normality of these data.

The same statistical approach was used for the analysis of
continuous pulmonary response parameters (i.e. ATP, %
macrophages, total cell counts, lavage fluid protein,
phagocytosis and macrophage enzyme activities LAP, APDl, and S'N)
and neurobehavioral activity parameters (i.e. activity in first
10 minutes, second 10 minutes and total activity, and fore leg
and hind leg grip strength). These data were similarly

lIT RESEARCH INSTITUTE .
32

0.'



"I.'• uu iry vT,•v L• ,u -. .. .........

transformed ýo better approximate the assumed normality of the
statistical test.

In terms of the repeated body weight measurements, a so-called
growth curve model (Bock, 1975) was used to examine the effect of
concentration on the rate of body weight gain over time.

In the presence of a significant main effect or interaction, post
hoc comparisons were conducted using Dunnett's test.

4.5. EXPERIMENTAL DESIGN

The design for the two subchronic studies was finalized in
consultation between the Principal Investigator, Dr. R. Finch,
COTR, Dr. M. Henry, former COTR, and Dr. R. Gibbons, IITRI's
consultant biostatistician. Dr. William Iverson, consultant
veterinary pathologist participated in the design of the second
study.

The experimental design and the exposure conditions for the first
subchronic study were developed based upon the results of the
Phase III studies and included exposures for 2.25 hr/day on four
consecutive days per week for a period of 13 weeks to 0.30, 0.75
and 1.20 mg/L (C " C and C ) of RP/BR aerosol, or for controls
exposure under tAe iame cAnditions to filtered air (C0 ) The
experimental endpoints selected for evaluation of the effects
after 13 weeks of exposure and for the C , C and C treatment
groups after an 8-week recovery period ?ncludeg standard
toxicologic observations (body weights, food consumption, overall
observations), histopathology of the lungs and other major
organs, examination of the pulmonary free cells collected from
the lungs by lavage, measurement of in vivo pulmonary
bactericidal activity and evaluation of neuroe-ehavi--al activity
parameters. The biological and statistical evaluation of these
studies were expected to provide information on the no-measurable
effect level for the RP/BR exposures.

The results of these studies demonstrated that, although changes
in several of the parameters examined could be seen, the most
consistent effects were the terminal bronchiolar fibrosis found
in the lungs of all RP/BR treatment groups including the recovery
groups and the significaný 5 depression in pulmonary bactericidal
activity to inhaled S-Klebsiella pneumoniae measured ,'
immediately after the exposures to all RP/BR levels.

A second subchronic study therefore was conducted to determine
the no-measureable effect level in the most sensitive response
parameters. Three aerosol concentrations, 0.05, 0.18 and 0.30
mg/L, were selected (repeating the lowest concentration from the
first study as the highest in the second) to examine the fibrotic
changes in the lungs and the changes in pulmonary bactericidal
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activity after a 13-week exposure as well as after an 8-week
recovery period. The frequency and duration of the exposures
were maintained as in the first study at 2.25 hr/day on four
consecutive days/week.

The specific experimental design parameters selected for the two
studies are described in the following:

4.5.1. Experimental Design Parameters For Both Studies:

Animals: Male rats only

Exposure duration frequency and period: 2.25 hr/day on 4
consecutive days per week T-F oVhFa-se III) for a period
of 13 weeks followed for selected groups by 8 weeks of
recovery.

4.5.1.1. Experimental Design Parameters for the First Study

Exeosure concentrations: Three RP/BR aerosol concentrations
T0m/L (C1 ), 0.75 mg/L (C2 ), 1.20 mg/L (C3 ) and filtered
air (C0 ).

Biological endpoints: In vivo pulmonary bactericidal
activity (BC); Lavage: pul-monary-free cell and lavage fluid
parameters (LAV); neurobehavioral activity tests (BEH); C
general toxicology: clinical observations, body weights,
food consumption (TOX); morphological pathology (PATH).

Number of animals: Thirty-six or 32 (recovery) rats per
treatmentEgroup were assigned for BC and 24 for LAV. Twenty-
four animals from each treatment group were assigned to be
used jointly for BEH, food consumption (TOX) and 12 of these
were randomly selected for PATH. Not all endpoints were
measured in all treatment groups. (See following "Assay
Schedule".) All animals under test (612 initially) were
examined for the TOX endpoints of clinkcal observations and
body weights, whereas, as stated above, food consumption was
determined on 24 animals per treatment group.

Assay Schedule: Biological endpoints were tested within 24
•h•r after the last exposure and for selected treatment groups

after an 8-week recovery period (R) as follows:
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BC, 1 LAV, TOX, PATH; Co, CI, C2 , C3 ; CO  , C2 (R), C3 (R).
onBH: Co, C1 , C3 , C0 (R),C 3 (R)

For the TOX endpoint, food consumption was determined every four
weeks and body weights were determined weekly throughout the
study on all animals. In addition, interim necropsies were
conducted after 2- and 4-week periods on 6 rats per group exposed
to Co, C2 , and C3 for respiratory tract histopathology.

4.5.1.2. Experimental Design Parameters for the Second Study

Exposure concentrations: Three RP/BR aerosol concentrations
O0•5 mg/L (C ), 0.10 mg/L (C2 ), 0.30 mg/L (C3 1 and
filtered air (6

Biological endeoints: In vivo pulmonary bactericidal

activity (BC) and morphologiZcal 'pa-ology (PATH)

Number of animals per treatment 2roup: PATH: 20, BC: 42

Assay schedule: Biological endpoints were tested within 24
-Fr"after t-e i..st exposure and also after an 8-week recovery

period (R) following the last exposure.

4.5.2. Execution of the Experimental Dein

Because of the labor-intensive nature of the endpoint assays for
the number of rats required in the experimental design, the 13
weeks of exposures were staggered over a 14-week period for both
studies. In the first study, post exposure assays were conducted
on the days of the last exposures for BC, LAV and BEH, whereas
PATH was done the day following the last exposures. Recovery
experiments were conducted 8 weeks (56 days) after the last
exposure for LAV and BEH and 57 days after the last exposure for
BC and PATH.

4

Although not included in the experimental design, due to an
error in animal distribution logistics on one of the
experimental endpoint assay days following the recovery
period, a C -treatment-group (from the additional RP/BR-
exposed animils that were available) was submitted to and
consequently tested for BEll, thus resulting in an unplanned
C2 (R) BEH group.
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In the second study, half of the animals for each parameter were
exposed to C0 , C., C2, and C. in the early morning and the other
half in the latW mo ning. ?For explanation of this arrangement
see Section 5.1. "Experimental test atmosphere".) Post exposure
experiments were conducted on the days of the last exposures for
BC and necropsies (PATH) were done on the day following the last
exposures. Recovery experiments were conducted 8 weeks (56 days)
after the last exposure for PATH and 57 days after the last
exposure for BC.

In addition, to utilize project personnel in conducting all
endpoint experiments most efficiently, on the week of the
endpoint assays the four daily exposures were also staggered by
conducting them for various treatment-groups from Monday through
Thursday and Tuesday through Friday, respectively. Details of
the exposure and assay dates for the different endpoints and the
actual animal numbers assigned for each group were summarized in
tables included in the experimental protocols filed with the
study records.

4.
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5. RESULTS

5.1. THE EXPERIMENTAL TEST ATMOSPHERE

The data characterizing the experimental test atmosphere for the
two subchronic studies (high and low concentration range) are
summarized in Tabl.es 1 and 2, respectively, and include overall
means and standard deviations of mass concentration, particle
size parameters and phosphorous acid levels for each chamber.
For each exposure period, the aerosol mass concentration was
determined by collecting three 20-min gravimetric filter samples
with an integrated average of concurrently recorded photosensor
concentration measurements. Aerosol particle size was determined
daily at each concentration. Phosphorous acids were analyzed
from one filter-collected sample per week for each chamber.
Oxygen monitored daily in each chamber was consistently 21.
Temperature and RH of the air supply were maintained at 24-27 C.
and 40-60%, respectively.

The RP/BR aerosol exposures were conducted at target
concentrations of 0,30, 0.75 and 1,20 mg/L in the first (Study ,.
Number 80) and at 0.05, 0.18 and 0.30 mg/L in the second (Study
Number 82) subchronic study for 2.25 hr/day on four consecutive %v
days/week ^,Mon.ay. throg•,,h Thursdays) for periods of thirteen
weeks.

In the first study, rats were exposed to the RP/BR ;%erosol in
five chambers. One chamber was used at the 0.30-mg/L-, and two
each at the 0.75- and 1.20-mg/L levels and for the filtered-air-
exposed controls. The additional chambers were needed because of
the space requirements for the additional animals included
according to the experimental protocol in these three treatment
groups (C2 , C3 and CO) for the recovery studies.

The lower concentrations of 0.05, 0.18 and 0.30 mg/L of RP/BR
used in the second study were produced by using an aerosol
dilution system on three chambers as previously described (see
Methods). In this study, recovery groups were included for all
three aerosol exposure concentrations, as well as the filtered-
air controls. Since, again, it was not possible to accommodate
the total number of rats required at each concentration level in
one chamber and since only one dilution system was available for
each target concentration, it was necessary to conduct two 2.25- ."
hr exposures daily in each chamber. The first exposure was
started at approximately 8:45 A.M. and the second around 11:30 0
A.M. immediately following completion of the first.

Thus, means of the test atmosphere characterization data were
calculated from the daily means for five ^hambers in the first
study (one at 0.30 and two each at 0.75 and i.20 mrg/L). In the
second (low concentrat ion) study, two overall daily means were
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calculated for each of the three target concentrations measured
in the three chambers for the two sequential exposures.

To accommodate the experimental design defined in the protocols
with their extensive labor and animal requirements for the
endpoint assays, the animals were divided into appropriate
subgroups and the 13-week exposures were staggered over J.4-week
periods. In both studies at each target concentration all days
of exposure chamber operation were used in the calculation of the
overall concentration means. Therefore the number of daily means
for mass concentration in Tables 1 and 2 reflects the total
number of days each of the chambers were used for exposures
during each study.

The dat.a shown in the tables indicate that the target
concentrations were well maintained at each of the exposure 6
levels throughout both studies. Close agreement between the
gravimetric and light-scattering methods were demonstrated at all
concentrations. In both studies the mean RP/BR aerosol mass
concentrations determined by the gravimetric method and by the
light-scattering photosensors were within 2.0 and 2.7 percent,
respectively of the target values. Relative standard deviations
of the daily mean concentrations were below + 7.1 percent in
every instance. The particle size data indicate aerosol
stability throughout the exposures with the MMAD ranging from
0.49 to 0.65 Um, and the mean geometric standard deviations (ag)
from 1.56 to 1.83. Phosphorous acid levels ranged from 71.4 to
79.5 percent throughout the two studies.

5.2. PULMONARY CELLULAR RESPONSES

Male rats were exposed to filtered air or to RP/BR aerosol at
concentrations of 0.30, 0.75 or 1.20 mg/L (first study), or 0.05,
0.18 and 0.30 mg/L (second study) for 2.25 hr/day, 4 days/week
for 13 weeks. Pulmonary cellular responses were measured within
24 hr after the last exposure or after an 8-week recovery period
following the last exposure. (Only control, medium and high-
concentration exposure groups were included in the recovery
groups of the first study, whereas all groups were examined after D
recovery in the second study.) In the first study, the endpoints
included pulmonary lavage parameters and pulmonary bactericidal
activity. Thus the rats were killed, pulmonary free cells and
lavage fluid were collected from their lungs by tracheobronchial
lavage and a series of assays were conducted on the separated
cells and the lavage fluid as described in Section 4.3.1.2. of

I.'
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"Materials and Methods". Other rats from each treatment group
were used for determination of in vivo pulmonary bactericidal

* activity as described in Section--4.T--.I . In the second study
only the pulmonary bactericidal activity assay was used.

Statistical evaluation of the data of the first study showed a
significant (p<0.0001) multivariate treatment by recovery
interaction indicating differing responses in rats examined
immediately after the last exposure and in those tested after an

0 8-week recovery period. In other words, generally there was a
recovery for effects observed initially in pulmonary cellular
responses. Significant univariate interactions were found fog
total cells (p<0.04), total cells/g body weight (p<0.02), ATP/10
cells (p<0.03), ATP/ug protein (p<0.001), and the ectoenzyme
activities of LAP (p<0.001) and 5'N (p<0.001). In addition,
significant main effects of concentration were found for total
cells (p<0.001), % BC (p<0.001), total cells/g body weight
(p<0. 0 03), % macrophages (p<0.001), ug protein/10 cells
(p<0.001), phagocytosis (p<0.001), lavage fluid protein (p<0.05),
and the ectoenzyme activities of LAP (p<0.005) and APDl
(p<0.001). Individual post hoc comparisons were made
subsequently for all parameters withR significant interactions or
main effects. Significant differences (p<0.05) obtained by post
hoc comparisons of exposed to control groups are indicated in
Tables 3 and 4 showing the means with associated standard
deviations for all pulmonary response parameters examined
immediately after the last exposure and after an 8-week recovery

* period, respectively.

A review of these data demonstrates a significant dose-riated
decrease in pulmonary bactericidal activity to inhaled S K.
pneumoniae at all three exposure concentrations (0.30, 0.75 an--
1.20 mg/L) tested immediately after the final exposure (Table 3).

* Recovery from these effects was complete at 8 weeks after the
last exposure (Table 4). The data on the pulmonary cells S
obtained by lavage immediately after the final exposure do not
show consistent changes (Table 3). The total number of free
cells recovered from the Iungs (expressed as total cells x 10I
and as total cells x 10 /g body weight) generally showed a
decreasing trend with significant decreases at the 0.30 mg/L
RP/BR level. The increases seen in % macrophages determined by S
differential counts are not considered biologically meaningful.
Significant increases in cellular ATP levels, suggesting a change
in biochemical metabolism, were found in the AM lavaged from the
1.20-mg/L-exposure group when expressed as ATP/cells and in the
0.30- and 1.20-mg/L-exposure groups when expressed as ATP/
protein. Cellular protein levels, phagocytosis, and the protein
content of the lavage fluid showed only scattered changes. There
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was a significant decrease in cellular protein levels measured
after exposure to 0.75 mg/L of the aerosol. Although
fignificant main effect of exposure was seen in phagocytosis of

Cr-CRBC, none of the post hoc comparisons was significant.
Lavage fluid protein expressed--as ug protein/g body weight was
significantly decreased only at the 0.30-mg/L-RP/BR level.

There were occasional changes in the plasma membrane-associated
ectoenzymes of AM obtained from RP/BR-exposed rats. Decreased .63

activities of LAP and 5'N were observed in rats that inhaled 0.75
or 1.20 mg/L RP/BR aerosol, however, APDI activity was not
affected at any of the exposure levels.

The results from the studies conducted in the recovery groups
shown in Table 4 demonstrate that practically all of the RP/BR-
induced changes in the pulmonary response parameters were
reversible. The two significant changes in total cell counts
were in a treatment group (0.75 mg/L) that did not show an effect
in the tests conducted immediately after the last exposure.
Thus, cessation of exposure to RP/BR for an 8-week period appears
to allow resident alveolar macrophages to return to their normal K
state.

Statistical analysis of the bactericidal activity data obtained
from the second study showed no main effects, and therefore post
hoc comparisons were not applicable. The data for post-exposure
ana the post-recovery experiments are summarized in Table 5. It
can be seen that tor the 0.30 mg/L-treatment group tested
immediately after the last exposure there was a considerably
greater standard deviation than there was in the first study at
the same exposure concentration (See Table 3). This may explain
the fact that, whereas a significant decrease in bactericidal
activity was observed after exposure to 0.30 mg/L RP/BR aerosol
in the first study, this was not the case in the second study.
Thus, the no-measurable effect level was < 0.30 mg/L as
determined by pulmonary bactericidal activity, one of the two
most sensitive indicators of the potentially adverse effects of
RP/BR aerosol inhalation found in our studies.

5.3 NEUROBEHAVIORAL ACTIVITY

Neurobehavioral activity parameters were tested only in the first
study. The only significant effect was a decrease in hindlimb
grip strength measured at the end of the 8-week recovery period
for the rats exposed to 0.75 mg/L (Tables 6 and 7). (This 0.75-
mg/L-exposure group was not included at all for neurobehavioral
activity studies in the experimental protocol and the rats were
submitted for testing due to an error in logistics.) Since only
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the 0.75 mg/L recovery animals were used in this non-scheduled
experiment, this effect is considered questionable. In addition,
the rats exposed to the higher concentration of 1.20 mg/L showed
no performance decrease on the last day of the last exposure or
8 weeks later. In contrast to the evidence from 4-week exposures
(Phase III Report) that locomotor activity was increased by
exposure to RP/BR aerosols, male rats exposed to the test
aerosols at 0.3 or 1.20 mg/L for 13 weeks showed no alterations
in activity either on the day of exposure or 8 weeks later.
Although no final conclusion can be drawn as to the basis for the
difference between this study and those conducted previously,
several factors should be mentioned. In the subchronic study,
activity measures were made following, rather than prior to, the
grip strength tests. It is possible that the change in order of
testing interfered with finding an effect. In the subchronic
study, specifically with respect to the second 10-min of activity
testing, the within-group variability tended to be relatively
high. However, this was not the case for the first 10-min of
testing and the means across groups are comparable, suggesting
that the lack of effect in the later study was not due to altered
within-group variability. Other possibilities are that the
effect was adapted out with the longer exposure period of the
subchronic study or that the age of the rats at the time of
testing activity was critical. Rats in subchronic study were
older at the time of testing due to the longer exposure and
recovery periods.

5.4 STANDARD TOXICOLOGY AND PATHOLOGY SYNOPSI5 1

5.4.1. First Study

5.4.1.1. Spontaneous Deaths and Moribund Sacrifices

When male rats were exposed to RP/BR aerosols as previously
described, a total of 22 rats died spontaneously (18) or were
killed in a moribund state (4) prior to their scheduled
terminations during the first study (Table 8). At the 1.20-mg/L-
exposure level, 10.8% (19/176) died with one death each after 1,
2, 11, 30, 35 and 45 exposures, two deaths after 6, 7 and 8
(moribund) exposures and 7 deaths after 5 exposures (2 of the 7
were moribund). In addition, one control rat died after 40

A detailed Pathology report from EPL with histopathologic

incidence tables prepared by Dr. W. Iverson is included in the
Appendix.
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TABLE 8

DISTRIBUTION OF DEATHS DURITG THE
FIRST SUBCHRONIC STUDY

Exposure Total
Conc. Numbers 2 Number Number of Deaths
.__ZL of Rat of Deaths Following (Number of Exposures)

1.20 176 19 1(1,2,11,30,35,45); 2(6,7,8); 7(5)

0.75 176 1 I(R)

0.30 84 0

0 176 2 1(40); 1(R)

There were 4 consecutive exposure days each week over a period
of 13 weeks followed by an 8-week recovery peraiod (R).

2 Total number exposed to that dose and designated for all
biologic endpoint determinations (including recovery animals).
For details see Experimental Design in Section 4.5.1.1. .

0
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exposures. During the recovery period, one rat from the 0.75-
mg/L-exposure group and one from the filtered air control group
died. Thus most, but not all, of these 22 mortalities were from
the high-dose group and many occurred within the first two weeks
of the exposures. Tissues from these animals were submitted
after necropsy to EPL for histopathologic examination. A

Prom these twenty-two animals, those sixteen that died d.-ing the A
first four weeks of the exposures prior to the second interim
necropsy had varying degrees of congestion and small amounts of
hemorrhage in the lung tissue. Other lesions seen were similar
to those found in the interim-terminated animals (see Section
5.4.1.3.1.). No obvious cause of death was apparent from
examination of the lungs from these animals.

From the six animals which died during the later parts of the
study, four that had been exposed to RP/BR (three to 1.2 and one
to 0.75 mq/L) had terminal bronchiolar fibrosis. The three high-
concentrdtion (1.20 mg/L) animals had mild to severe erosions of
the laryngeal mucosa with deposition of fibrin on the surface.
These laryngeal changes were probably contributory to the death
of these three animals (see also quoted statement of the study
pathologist in the following).

Since one of the ten rats tested from the quarantine animals of
this study had positive serum antibody titer to PVM, serum
samples were submitted to Microbiological Associates from five _

rats (two of those found in a moribund state after 8 exposures to
1.20 mg/L and listed above and three rats from the 0.75-mg/L-
exposure group that were killed for this purpose without any
clinical signs of disease). All five animals had highly positive
serum antibody titers to PVM.

At this point the question arose if the PVM infection could have
contributed to the mortalities, or its presence cause more severe
morphological changes, or if it could have been a contributing
factor to the fibrosis caused by the RP/BR exposures (see
histopathology observations described in following sections).
Dr. W. Iverson, Veterinary Pathologist in charge of evaluation of
the histopathology in these studies provided the following
opinion- "Pneumonia virus of mice (PVM) is a pneumovirus first
described in 1940. Recent studies have shown that it is of low
transmissability, even among animals housed together, and
extremely labile in the environment. Most laboratory rodents,
including rats, are susceptible. The characteristic lesions
associated with the virus are an acute vasculitis which develops
into patchy interstitial pneumonia. Perivascular and
peribronchiolar accumulations of lymphocytes are also present.
Fibrosis at the terminal bronchiole, which is the primary effect
of RP/BR exposures, has not been reported with PVM infections.
Therefore, the lesions produced by PVM infection are separate and
distinct from those which were treatment-related (Smith, et al.,
1984; Vogtsberger, et al. , 1982; Hunt, et al, 1978).
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The combination of lesions produced by PVM was also not present
in the twenty-two rats which died spontaneously during the study.

0 Their death was not due to PVM infection. Congestion and
hemorrhage of the lung were the most common findings in these
animals. The cause of death in most of these cases is not known,
but exposure to RP/BR may have been a contributing factor.

Three animals which died spontaneously after day 51 had erosions
of the laryngeal mucosa with deposits of fibrin on the surface.
This fibrin probably partially obstructed the larynx and may have
contributed to the death of these three animals. They were all
in Group C3 and the lesion is considered related to RP/BR
exposure." I,
5.4.1.2. Clinical observations, Body weights and F'ood

Consumption

Prior to death several rats exposed to the high concentration
exhibited labored breathing, wheezing, hunched posture and
lethargy. The most frequent clinical observation not associated
with lethality was discharge from the eye(s) with or without
crust formation and/or swollen eye lids. Other infrequent
findings included diarrhea and discharge from the nose or mouth.
All these signs were considered to be not treatment-related based
on the frequency of occurrence and their distribution in all test
groups during the exposure and during the recovery period.

Statistically significant (p<0.001) decreases in body weights
were observed from Week 1 through Week 13 (Table 9). This effect
was restricted to the 0,75- and 1,20-mg/L exposure groups from
Weeks 1 to 13. For rats from the recovery groups, statistically
significant (p<0.02) results were seen during Weeks 14 and 15
when the animals that had been exposed to 0.75 mg/L continued to
have decreased body weights. No significant differences were
found during Weeks 16 to 21 (Table 9). Additional post hoc
comparisons revealed similar results when these data were
expressed as body weight gains. In this case Weeks 1 to 12 were
"decreased for the 0.75-- and 1.20-mg/L-exposure groups and week 14
remained decreased for the 0.75-mg/L-exposed animals only (Table
10).

A significant (p<0.001) effect of treatment on food consumption
was seen at Week 4. Post hoc comparisons revealed a significant
decrease at week 4 -inthe *.75- and 1.20-mg/L.-exposure groups.
All other time points were non-significant (Table 11).
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5.4.1.3. Pathology

5.4.1.3.1. Interim necropsies

The primary exposure-related change seen histologically in the
lungs of animals examined at the interim necropsies at Weeks 2
and 4 during this subchronic study was diagnosed as "terminal
bronchiolar fibrosis". The lesion consisted of a minimal
thickening of the alveolar walls where the terminal bronchiole
joins the alveolar sacs. The thickening consisted of a
heterogeneous eosinophilic material which contained small numbers
of cells. Masson's trichrome stain demonstrated small amounts of
collagen in these areas which correlated with the degree of
fibrosis seen with H&E stain. All interim-terminated animals
exposed to 0.75 or 1.20 mg/L developed terminal bronchiolar
fibrosis by four weeks of exposure (Table 12). The change was
usually minimal in the 0.75- and moderate in the 1.20-mg/L-
treatment groups, suggesting a dose-response. After two weeks of
exposure all animals exposed to 1.20 mq/L had minimal to mild
fibrosis but only 3 of 6 rats at 0.75 mg/L level had detectable
thickening. In none of the animals that were exposed to 0.75
mg/L for two weeks could an increase in collagen be demonstrated ..

with the trichrome stain.

Interstitial inflammation of the pulmonary parenchyma was present
in more exposed animals that received 1.20 mg/L than in control
or 0.75-mg/L-exposed animals. Other changes in the necropsied
animals occurred in approximately equal frequency between exposed
and control animals.

5.4.1.3.2. Terminal and recovery necropsies

S

There were no exposure-related changes found in any of the
tissues which were examined outside of the respiratory tract.
Lesions in general were infrequent and occurred in approximately
the same incidence in animals exposed to the high concentration
as in control animals. Z40

The primary exposure-related change seen histologically after
termination of this first subchronic study was in the lung and
was diagnosed as "terminal bronchiolar fibrosis". The lesion
consisted of thickening of the alveolar walls and of the most
distal portions of the terminal bronchioles at the point where
the terminal bronchiole ends and joins the alveolar sacs. The
thickening consisted of a heterogeneous eosinophilic material
containing small numbers of cells. Staining with Masson's Xý
trichrome stain showed strong evidence of collagen deposition.
The incidence of this lesion by severity, summarized for interim,
terminal and recovery necropsies shown in Table 12 demonstrates
that inhalation of RP/BR for 2 weeks produced minimal bronchiolar
fibrosis in 50% of rats exposed to 0.75 mg/L and minimal to mild
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Table 12

INCIDENCE a OF TERMINAL BRONCHIOLAR FIBROSIS IN THE FIRST
SUBCHRONIC STUDY

Exposure Periods and RP/BR Concentrations (mg/L)'

Severity 2 Weeksb 4 Weeks b 13 Weeksc Recovery d
Of Lesions (0.75) (1.20) (0.75) (1.20) (0.30) (0.75) (1.20) (0.75) 77 .20)

Minimal 3/6 5/6 5/6 4/12 3/12 1/12 5/12

Mild 1/6 1/6 1/5 9/12 1/12 7/12 3/12

Moderate 4/5 6/12 7/12

Severe 4/12 2/12

ap
aNumber of animals having lesion/total number examined in the exposure

group

blnterim necropsy

CTerminal necropsy after completion of last exposure

dTerminal necropsy after 8 weeks of recovery following last exposure

-O
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fibrosis in all of the 1.2-mg/L-exposed rats. All rats had
fibrosis after 4 weeks of exposure to 0.75 or 1.2 mg/L of RP/BR.
After completion of the 13 week study, 100% of the rats exposed
to 0.75 mg/L RP/BR or higher and approximately 30% of rats
exposed to 0.30 mg/L had terminal bronchiolar fibrosis. Severity
and frequency of the lesion increased with the higher
concentrations. The incidence of fibrosis in the recovery
animals was only slightly less than that of the animals killed
immediately after the exposure and does not suggest resolution of
the lesion with time.

5.4.2. Second Study

5.4.2.1. Spontaneous Deaths

No animals died during the exposure phase of the second study
(Weeks 1 to 13) but two died during the 8-week recovery period.
One rat from the 0.18-mg/L-exposure group developed a mass on the
hip which later spread to the leg. The mass was first apparent
at Test Week 10 and the rat died at Test Week 15. This animal
had a histocytic sarcoma, which was probably contributory to its
death. In addition, one rat from the 0.30-mg/L-exposure group "-
died during Test Week 18 following a marked body weight loss.
This animal had chronic hemorrhage and congestion of the lungs.
These mortalities and the development of a mass were considered
as spurious events and not a consequence of exposures to RP/BR.

5.4.2.2. Clinical Observations and Body Weights

The most frequently observed clinical sign was red/crusted
eye(s). Other clinical signs sporadically seen included watery
eye(s), lesions on head, neck, tail and extremities. None of
these signs were judged to be exposure-related based on their
distribution and frequency of occurrence.

Statistically significant increases in body weights were observed
for the 0.05-mg/L-exposure group relative to controls during
Weeks 4 through 12 (Table 13) (group by time interaction
p<0.0001). In terms of body weight gains, rats from the 0.18-
and 0.30-mg/L-exposure groups showed significant decreases on
Test Week 1, whereas the 0.05-mg/L-exposed animals showed
significant increases on Test Weeks 3 to 12, 15 and 20 and rats
from the 0.18-mg/L-exposure group demonstrated significant
increases on Test Weeks 5 to 11, 20 and 21 (Table 14).
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5.4.2.3. Pathology

5.4.2.3.1. Post-exposure and post-recovery necropsies

The primary treatment-related change seen histologically in this
second (lower concentration-range) subchronic study was still
terminal bronchiolar fibrosis in the lung in rats from the 0.30-
and 0.18-mg/L-treatment groups. The lesion consisted of minimal
thickening of the alveolar walls and of the most distal portions
of the terminal bronchioles at the point where the terminal
bronchiole ends and joins the alveolar sacs. The thickening
consisted of a heterogeneous eosinophilic material containing
small numbers of cells. This material stained positively for
collagen with Masson's trichrome stain. The incidence of this
lesion summarized in Table 15 demonstrates that minimal terminal
bronchiolar fibrosis was found in less than 50% and 25% of the
rats exposed to 0.30 and 0.18 mg/L of RP/BR, respectively, with a
total absence of the lesions in the 0.05-mg/L-exposure group.
Although the incidence of fibrosis was somewhat decreased after
the recovery period, it nevertheless did not disappear.

Other changes in the lung were usually minimal or absent
altogether. Some animals had small numbers of alveolar
macrophages but they were usually not associated with the
terminal bronchiolar fibrosis. Minimal to mild lymphocytic
hyperplasia occurred in many of the animals, both treated and
controls. Other changes were relatively infrequent.
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Table 15

INCIDENCEa OF TERMINAL BRONCHIOLAR FIBROSIS IN THE SECOND
SUBCHRONIC STUDY

Exposure Periods and RP/BR Concentrations (mg/L)

Severity 13-Week Exposureb 8-Week Recovery
Of Lesions U(0.05)7 (0.18) (0.307 40.05) (0.18) (0,7M

Minimal 0/20 4/20 9/20 0/20 3/20 4/20

Mild - - - - - 4
Moderate

Severe -

aNumber of animals having lesion/total number examined in the

exposure group

bTerminal necropsy after completion of last exposure

CTerminal necropsy after 8 weeks of recovery following last
exposure

Ii
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6. SUNKK&Y DISCUSSION

In its concern for personnel health and safety, the U.S. Army
Medical Research and Development Command initiated a research
program to provide a comprehensive definition of the biological
effects of red phosphorus/butyl rubber snnke on mammalian systems
under conditions which approximate the potential troop exposure.
The studies used laboratory rats placed into controlled test
atmospheres in whole-body exposure chambers and were conducted in
four phases.

In Phase I inhalation exposure facilities with automatically
controlled conditioned air supply and exhaust systems were built
and specially designed RP/BR combustion generators provided by
the Government were installed. Aerosol sampling methods for
monitoring of mass concentration, particle size and percentage
phosphorous acids were established and used to charactecize the
aerosol exposure system for spatial and temporal homogeneity.
Phase II consisted of range-finding acute and repeated-dose
exploratory studies to determine lethality (LC ?) and influence
of exposure duration on morbidity; whereas In Phase III the
combination of the effects of exposure concentration, duration
and frequency on a series of biological endpoints were examined
in depth after 4-week exposure and 2-week recovery periods, to
define time-concentration relationships as well as threshQld
levels, healing, and adaptation in biological responses.

The objective of the Phase IV studies, the subject of the current
final report, was to evaluate the biological effects and the
reversibility of the observed effects in subchronic RP/BR aerosol
exposures on various biological endpoints in male rats. The
primary objective was to define the no-measurable effect level
for the biological response parameters assessed to be the most
sensitive indicators of dysfunction. The experimental design and
the exposure conditions were developed based upon the results of
the Phase III studies and included exposures for 2.25 hr/day on
four consecutive days per week for a period of 13 weeks to 0.30
(C 0.75 : )and 1.20 (C ) mg/L of RP/BR aerosol, or to
filtered air •C ). The experimental endpoints selected for ,l
evaluation of thQ effects after 13 weeks of exposure and for the 0
C , C and C treatment groups after an 8-week recovery period
iRcludid mortality, clinical observations, body weights, food S
consumption, histopathology of the lungs and other major organs,
examination of the pulmonary free cells collected from the lungs
by lavage, measurement of in vivo pulmonary bactericidal activity
and evaluation of neurobehavioral activity parameters. The
biological and statistical evaluation of this study showed that
the no-measurable effect level had not been reached. The results
demonstrated that although some significant changes could be
observed for almost all parameters under some of the conditions
examined, the most striking and consistent effects found for all
three RP/BR concentration levels were the histopathologically
determined terminal bronchiolar fibrosis and the highly 2
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significant decrease measured in pulmonary bactericidal activity
to inhaled 35 S-Klebsiella pneumoniae.

Therefore, these two experimental parameters were used as major
biological endpoints in a second subchronic study conducted at
aerosol concentrations lowered to 0.05, 0.18 and 0.30 mg/L, (thus
repeating the lowest level from the previous study as the highest
concentration), to further explore the fibrotic changes in the
lungs and to examine the effects on pulmonary bactericidal
activity after a 13-week exposure and an 8-week recovery period.

Throughout the two subchronic studies aerosol mass concentrations
were within 3% of the target values, MMAD's ranged from 0.49 to
0.65 um with cg's of 1.56 to 1.83, while phosphorous acid levels
in the test atmosphere varied from 71 to 80%.

During the first study 10.8% of the rats exposed to 1.20 mg/L
died spontaneousiy or were necropsied in a moribund state. In , -

addition statistically significant decreases in body weights and
body weight gains were observed from weeks 1 through 13 in the
0.75-- and 1.20-mg/L-exposure groups. A significant decrease in
food consumption was only seen after four weeks of exposure in
these groups.

Although positive antibody titers to PVM were found in rats from
the first subchronic study, no lesions characteristic of PVM
infections were found in the lungs of the rats that died
spontaneously or in those examined at terminal necropsy and
neither the deaths nor the lesions found in the lungs were a
consequence of PVM infection.

Neurobehavioral activity measurements conducted according to the
experimental protocol did not show consistent ov significant
changes. Statistically significant chang':s in pulmonary lavage
parameters found in the first study were sporadic and not
considered biologically significant.

Significaq decreases in pulmonary bactericidal activity to
inhaled S- K. pneumoniae at all three exposure concentrations
(1.20, 0.75 ain- 0.30 mg/L) of the first study were completely
absent after the recovery, whereas in the second study none of
the RP/BR exposures (0.30, 0.18 and 0.05 mg/L), including the
previously positive 0.30 mg/L, produced an effect. Thus the no-
measureable effect level for pulmonary bactericidal activity was
<0.30 mg/L of RP/BR aerosol.

Histologically no treatment-related changes were found in any of
the tissues examined outside of the respiratory tract. The
primary treAtment-rt.lated change seen after 13 weeks of exposure N

in both suvchronic studies was terminal bronchiolar fibrosis in
the lung. Strong evidence for fibrosis was the collagen
deposition at the affected sites as shown by Masson's trichrome
stain.
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Inhalation of RP/BR in male rats for 2.25 hr/day for 4 days/week
begins to produce fibrosis after two weeks in some of the rats
exposed to 0.75 mg/L and in all of those exposed to 1.2 mg/L..
All animals had fibrosis at both of these concentrations after
four weeks. At the end of 13 weeks, in addition to 100% of the
0.75- and 1.20-mg/L-treatment groups, less than 50% of those
exposed to 0.30 mg/L and less than 25% of those that inhaled 0.18
mg/L were also affected. Exposure to 0.05 mg/L did not produce
fibrotic changes at all. Some decrease in incidence of the
fibrotic lesions could be generally detected after the recovery
periods, but the lesions did not disappear.

An overall review of the results of the two studies demonstrates
that in the first study 10.8% of the rats exposed to 1.20 mg/L of
RP/BR smoke died spontaneously or were necropsied in a moribund
state. Most of these animals died during the first two weeks of
the exposures, and had varying degrees of congestion and small
amounts of hemorrhage in the lungs. Those RP/BR-exposed (0.75
and 1.20 mg/L) animals which died during the later parts of the
study, had terminal bronchiolar fibrosis and erosions of the
laryngeal mucosa with deposition of fibrin on the surface. The
laryngeal changes were probably contributory to their death. The
presence of congestion, hemorrhage, and interstitial inflammation
in the lungs of 1.20-mg/L-exposed rats which died during this
experiment strongly suggests that these effects were due to the
RP/BR smoke. This concentration obviously produces morbidity,
since, in addition to these morphologic changes, decreased body
weight and food consumption were measured. At the terminal
necropsy all animals had terminal bronchiolar fibrosis in the
0.75- and 1.20--mg/L-exposure groups and all three exposure groups
had significantly reduced pulmonary bactericidal activity.

In the second study at the concentrations of 0.30, 0.18 and 0.05
Mg/L RP/BR there were no exposure-related mortalities and
neither pulmonary bactericidal activity nor body weights showed
significant decreases. Terminal bronchiolar fibrosis was still
found in the lungs of rats exposed to the medium and high doses -
but the lesions were minimal in severity and were totally absent
in the 0.05-mg/L-exposure group.

'Thus, comparison of the findings of the two studies demostrates
that there is a steep dose response curve for the test material
upon repeated exposures: The responses at 1.20 and 0.75 mg/L,
include lethality in addition to terminal bronchiolar fibrosis
and significantly reduced pulmonary bacterial activity, body
weights and food consumption whereas at approximately a tenfold
lower level (between 0.05 and 0.18 mg/L) there is no measurable
effect.

In summary, the results of these Phase IV studies demonstrate
that when male Sprague Dawley rats inhaled RP/BR combustion
products for 2.25 hr/day on four days per week for 13 weeks, the
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lowest etfective dose was determined as 0.18 mg/L and the no-

measurable effect level was identified as 0.05 rng/L through
evaluation of fibrotic changes in the lung.
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I IT PROJECT NUMBER L06139
PHASE IV STUDY NO. 80

THE EFFECTS OF SUBCHRONIC EXPOSURES TO
RED PHOSPHORUS/BUTYL RUBBER (RP/BR) COMBUSTION PRODUCTS

ON VARIOUS BIOLOGICAL ENDPOINTS
IN MALE SPRAGUE-DAWLEY RATS

GROSS NECROPSY OBSERVATIONS

In accordance with experimental protocol, gross examinations of organs

and tissues were performed on 141 (including 22 spontaneous deaths) male

Sprague-Dawley rats in the toxicology group of Project L06139 Study Number

80. The rats were divided into 13 groups each containing male rats. The

rats were exposed to various concentrations of RP/BR aerosol for 2.25 hours

per day for four consecutive days for two, four or 13 week periods. Ten of

the 13 groups of rats were sacrificed on the day of their last exposure

while the rats in the remaining three groups (the recovery groups) were

sacrificed 8 weeks following their last exposure. The groups, treatment,

number of rats per group, and corresponding exposure concentration levels *,

are outlined below.

Exposure
Weeks Number of Concentration

Treatment Exposed Rats Levels (mg/l)

Filtered Air 13 13 a 0.00
RP/BR Aerosol 13 12 0.30
RP/BR Aerosol 13 12 0.75
RP/BR Aerosol 13 23 a 1.20
Filtered Air 13b 13a 0.00
RP/BR Aerosol 13b 13a 0.75
RP/BR Aerosol 1 3 b 1ga 1.20
Filtered Air 2 6 0.00
RP/BR Aerosol 2 6 0.75
RP/BR Aerosol 2 6 1.20
Filtered Air 4 6 0.00
RP/BR Aerosol 4 6 0.75
RP/BR Aerosol 4 6a 1.20

a Including spontaneous deaths.
b Exposures followed by 8 weeks of recovery.
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MATERIALS AND METHODS

The rats were anesthesized with Nembutal, exsanguinated by way of the

abdominal aorta and necropsied. The organs were examined and fixed in 10% -

neutral buffered formalin for a period of no less than 48 hours before

further processing. The lungs were fixed by intratracheal perfusion with

formalin.

The following tissues were collected at necropsy. Tissues marked with

an asterisk (*) in the list below were processed by the Histology

Laboratory embedded in paraffin and resulting blocks were sent to EPL for

further processing and microscopic examination.

Skin/Mammary Gland Ileum *Liver
Tongue Jejunum *Kidneys
*Larynx Mandibular Lymph Nodes *Adrenal Glands
Parathyroid/Thyroid *Eyes Spleen
*Trachea Brain Pancreas
*Esophagus Spinal Cord (Cervical) Cecum
*Heart Pituitary Gland Colon
Thymus Ears (Tag) Mesenteric Lymph
*Lungs *Nasal Turbinates Nodes
*Urinary Bladder *Respiratory Lymph Nodes Skeletal Muscle
*Stonmach Sternum Sciatic N'erve
*Duodenum *Testes Salivary Glands
Femur/Bone Marrow Mandibular

A summary of gross observations is presented by groups in the Necropsy

Observation Tables (Tables I - V).

GROSS PATHOLOGY RESULTS

Treatment-related lesions were observed in rats that were exposed for

2 and 4 weeks to 1.2 mg/l RP/BR and that died spontaneously during the

study. Treatment-related lesions seen in animals after 2 or 4 weeks of

exposure included red areas, dark red foci or gray areas in the lung,

mottled red thymus, dark red mandibular lymph node and dark red focus in

the mesenteric lymph node. No substantial differences were seen in the

incidence of gross findings between control and treated animals sacrificed
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after 13 weeks of exposure or after the recovery period. The dilated

pelvis and flaccid kidneys seen in two treated rats are spontaneous changes

which are occasionally seen in rats of this strain and are not considered

treatment-related. Treatment-related changes which occurred in animals

which died spontaneously included mottled dark red lungs, dark red fluid in

the abdominal and thoracic cavities, intestine and brain, and dark red

livers and spleens.

SUMMARY AND CONCLUSIONS

Treatment-related changes were observed primarily in the lungs of rats

exposed for 2 and 4 weeks and those that died during the study. Changes in

color and abnormal accumulations of dark red fluid in body cavities were

additional lesions seen in occasional animals which may also be treatment-

related.

W.O. Iverson, D.V.."
Diplomate, ACVP
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IIT PROJECT NUMBER L06139
PHASE IV STUDY NO. 80

THE EFFECTS OF SUBCHRONIC EXPOSURES TO
RED PHOSPHORUS/BUTYL RUBBER (RP/BR) COMBUSTION PRODUCTS

ON VARIOUS BIOLOGICAL ENDPOINTS
IN MALE SPRAGUE-DAWLEY RATS

PATHOLOGY SUMMARY

INTERIM SACRIFICES AND MORTALITIES

Microscopic examinations were performed on selected tissues from male

Sprague-Dawley rats. The purpose of this study was to evaluate the effects

of exposure concentration and recovery time of the repeated exposure of

rats to combustion products of Red Phosphorus/Butyl Rubber (RP/BR) on

various biologic endpoints. This report contains the histopathologic

findings for the interim sacrifices and mortalities. The experimental

design for this study was as follows:

T.G. EXPOSURE CONCENTRATION ANIMAL
NO. CODE RECOV. mg/L NUMBERS* DISPOSITION
-- -------------------------------------------------------------------
41 CO - 0.00 529-540 Final Sac
42 C1 - 0.30 541-552 Final Sac
4j C2 - 0.75 553-564 Final Sac
44 C3 - 1.20 565-576 Final Sac

45 CO - 0.00 577-588 Final Sac
46 C1 - 0.30 589-600 Final Sac
47 C2 - 0.75 601-612 Final Sac
48 C3 - 1.20 613-624 Final Sac

49 CO + 0.00 625-636 Recovery Sac
50 C2 + 0.75 637-648 Recovery Sac
51 C3 + 1.20 649-660 Recovery Sac

52 CO + 0.00 661-672 Recovery Sac
53 C2 + 0.75 673-684 Recovery Sac
54 CI + 1.20 685-696 Recovery Sac

67 CO - 0.00 817-822 2-Week Interim Sac
68 C2 - 0.75 823-828 2-Week Interim Sac
69 C3 - 1.20 829-834 2-Week Interim Sac

70 CO - 0.00 835-840 4-Week Interim Sac
71 C2 - 0.75 841-846 4-Week Interim Sac
72 C3 - 1.20 847-852 4-Week Interim Sac

T.G. NO. = Treatment group number

* Six selected rats from Treatment Groups Numbers 41-54 will be

used for the necropsy and histopathology.
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All animals were exposed for 2.25 hours per day for four consecutive days

for two, four, or thirteen weeks. Recovery animals were then untreated for

an additional eight weeks. Ail rats were necropsied and gross and

histologic evaluations of the respiratory tract were conducted. According

to protocol the lung from all animals was trimmed and processed to paraffin

blocks. The paraffin blocks were then shipped to Experimental Pathology

Laboratories, Inc. where hematoxylin and eosin stained slides were prepared

and examined. Additional sections of all lungs from animals sacrificed at

two and four weeks were also prepared and stained with Masson's trichrome

stain to demonstrate collagen.

RESULTS

The microscopic changes found in all lung lobes examined are listed in

the Histopathology Incidence Table. The primary treatment-related change

seen histologically in the sections of lung examined from the interim

sacrifice animals was diagnosed as "terminal bronchiolar fibrosis". The

lesion consisted of a minimal thickening of the alveolar walls where the

terminal bronchiole joins the alveolar sacs. The thickening consisted of a

heterogeneous eosinophilic material which contained small numbers of cells.

Masson's Trichrome stain demonstrated small amounts of collagen in these

areas which correlated with the degree of fibrosis seen with H&E stain.

Most animals exposed to 0.75 or 1.2 mg/l developed terminal bronchiolar

fibrosis by four weeks of exposure. The change was usually minimal in

Group 71 and moderate in Group 72, demonstrating a dose-response. After

two weeks of exposure all animals exposed to 1.2 mg/l had minimal to mild

fibrosis but only 3 of 6 rats at 0.75 mg/l had detectable thickening. In

all of these Group 68 animals, an increase in collagen was not demonstrable

with the trichrome stain.
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Interstitial inflammation of the pulmonary parenchyma was present in

more treated animals that received 1.2 mg/l than in CO or C2 animals.

Other changes in the sacrificed animals occurred in approximately equal

frequency between treated and control animals.

A total of sixteen animals died spontaneously or were sacrificed in a

moribund- condition -prior to-their scheduled-termination. Most animals had

varying degrees of congestion and small amounts of hemorrhage in the lung

tissue. Other lesions seen were similar to those found in the interim

sacrificed animals. No obvious cause of death .-Ias apparent from

examination of the lungs from these animals.

CONCLUSION

The results of these microscopic examinations indicate that the

administration of RP/BR to male rats for 2.25 hr/day for four consecutive

days begins to produce terminal bronchiolar fibrosis after two weeks of

exposure at .75 mg/l. All animals exposed to 1.2 mg/l for two weeks had

minimal fibrosis and most animals had fibrosis at both of these

concentrations after four weeks. Interstitial inflammation was a dose-

related lesion which occurred in some animals in the high dose group. A

number of animals died or were sacrificed in a moribund condition during

the first few weeks of the study. The cause of death could not be

determined from examination of the lung tissue.

- .O. Iverson, D.V.K.'
Diplomate, ACVP
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PATHOLOGY REPORT
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Client Name: lIT Research Institute

Client Study No.: L06139, Phase IV, Study No. 80

Study Director: Dr. W.O. Iverson

Pathologist: Dr. W.O. Iverson
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IIT PROJECT NUMBER L06139
PHASE IV STUDY NO. 80

THE EFFECTS OF SUBCHRONIC EXPOSURES TO
RED PHOSPHORUS/BUTYL RUBBER (RP/BR) COMBUSTION PRODUCTS

ON VARIOUS BIOLOGICAL ENDPOINTS
IN MALE SPRAGUE-DAWLEY RATS

PATHOLOGY SUMMARY

TERMINAL SACRIFICE, RECOVERY SACRIFICE,
AND MORTALITIES DAYS 51-125

Microscopic examinations were performed on selected tissues from male

Sprague-Dawley rats. The purpose of this study was to evaluate the effects

of exposure concentration and recovery time of the repeated exposure of rats

to combustion products of Red Phosphorus/Butyl Rubber (RP/BR) on various

biological endpoints. This report contains the histopathologic findings for

the terminal sacrifices, recovery sacrifices, and the animals which died

spontaneously between 51 and 125 days on test. The experimental design for

this study was as follows:

T.G. START ENDPT. EXPO. DOSE EXPOSURE ASSAY NO. OF
NO. CODE GROUP CONC. (mg/l) RECOV. START END DATE ANIMALS
41 I PATH CO 0.0 - 8/13 11/8 11/9 12
42 I PATH C1 0.3 - 8/13 11/8 11/9 12
43 I PATH C2 0.75 - 8/13 11/8 11/9 12

44 I PATH C3 1.2 - 8/13 11/8 11/9 12

49 I-R PATH CO 0.0 + 8/13 11/8 1/4 12
50 I-R PATH C2 0.75 + 8/13 11/8 1/4 12
51 I-R PATH C3 1.2 + 8/13 11/8 1/4 12

T.G. NO. - Treatment group number

All animals were exposed for 2.25 hr/day on four consecutive days per week.

The animals sacrificed on 11/9 were designated the terminal sacrifice.

Animals sacrificed on 1/4 were designated the recovery sacrifice. Total days

on test were calculated for each animal with the exposure start day counted

as day one. The day of death was counted as the last day on test. Actual
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exposure days were always less than the days on test since the animals were

only exposed four days each week. Some animals were substituted into the

above treatment groups from other groups to replace animals which died

spontaneously. These animals had received exposures equivalent to the

animals which they replaced.

Complete gross necropsies of all rats designated for pathology were __

conducted. The following tissues were processed to paraffin blocks for all

animals which died or were sacrificed and designated for pathology: two

levels of nasal turbinates, trachea, larynx, pulmonary lymph node and lung.

Additional tissues processed to paraffin blocks for the sacrificed CO and C3

animals were heart, eye, kidney, adrenal, liver, esophagus, stomach,

duodenum, urinary bladder and testis. All paraffin blocks were then shipped

to Experimental Pathology Laboratories, Inc. where hematoxylin and eosin

stained slides of the appropriate tissues were prepared and examined.

Additional lung sections from selected animals were stained with Masson's

trichrome stain to demonstrate collagen or Von Kossa's stain to demonstrate

calcium salts.

RESULTS

The microscopic changes and a detailed listing of all tissues evaluated

are presented in the Tabulated Animal Data Tables. Results of the special

stains performed are listed in the Histopathology Incidence Table. All

lesions are summarized by treatment group and presented in the Project

Summary Tables. A correlation of lesions observed at necropsy with the

corresponding microscopic observation, where possible, is presented in the

Correlation of Gross and Micro Tables. The gross observations in these

tables were transcribed from the necropsy sheets provided with the paraffin

blocks. Animal dispositions were listed as final sacrifice or spontaneous

death as they were indicated on the necropsy sheets.
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There were no treatment-related changes found in any of the tissues

which were examined outside of the respiratory tract. Lesions in general

were infrequent and occurred in approximately the same incidence in C3

animals as in CO animals.

SThe primary treatment-related change seen histologically in this study

was in the lung and was diagnosed as "terminal bronchiolar fibrosis". The

lesion consisted of thickening of the alveolar walls and of the most distal

portions of the terminal bronchioles at the point where the terminal

bronchiole ends and joins the alveolar sacs. The thickening consisted of a

heterogenous eosinophilic material containing small numbers of cells. This

material stained positively for collagen with Masson's trichrome stain. The

incidence of this lesion, by severity, is shown in the following table:

INCIDENCE OF TERMINAL BRONCHIOLAR FIBROSIS

Number of Animals
Terminal Sac. Recovery Sac.

Severity Group: CO C1 C2 C3 CO C2 C3

Minimal - Grade 1 4 3 1 5
Mild - Grade 2 9 1 7 3
Moderate - Grade 3 6 7
Severe - Grade 4 4 2

A crystalline, basophilic character to the fibrous tissue was seen in

some animals on the H&E sections. Staining with Von Kossa's method for

calcium salts gave a strongly postitive reaction around many of the terminal

bronchioles in the three animals selected for staining. The staining was

even more extensive than with the Masson' s trichrome stain. The incidence of

fibrosis in the recovery sacrifice animals was only slightly less than that

of the terminal sacrifice animals and does not suggest resolution of the

lesion with time.
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Six animals which died spontaneously during the study had their

respiratory tracts examined microscopically. All four animals which had been

exposed to RP/BR had terminal bronchiolar fibrosis. The three C3 animals had

mild to severe erosions of the laryngeal mucosa with deposition of fibrin on

the .surface. These laryngeal changes were probably contributory to the death

of these three animals.

CONCLUSION

The results of these microscopic examinations indicate that the exposure

of male Sprague-Dawley rats to the combustion products of -RP/BR for 2.25"

hr/day for four consecutive days per week produced terminal bronchiolar

fibrosis in 100" of the animals after three months of exposure at both 0.75

and 1.2 mg/l. The severity of the lesion increases with the higher dose.

Approximately 30% of the animals exposed to 0.3 mg/l for three months under

similar conditions developed minimal terminal bronchiolar fibrosis, The

lesion was demonstrated to contain both increased amounts of collagen as well

as calcium salts. Three animals expused to 1.2 mg/l died during the study

with erosions and/or inflammation of the laryngeal mucosa which is considered

treatment-related. No other changes found in the other tissues examined

appeared treatment-related.

W.O. Iverson,Diplomate, ACVP
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THE EFFECTS OF SUBCHRONIC L"XPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS

Reports Code Taable

N Tissues within normal histological limits

A Autolysis precluding adequate evaluation

U Tissues unsuitable for complete evaluation

S Tissues not applicable to animal

Tissues unavailable for evaluation

1 minimal

2 mild

3 moderate

4 severe

focal

I locally extensive

> multifocal

P Present

B Neoplasm, Benign

M Neoplasm, Malignant without Metastasis

C Neoplasm, Malignant with Metastasis

X Metastatic Site (+)
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ABBREVIATION LIST

_ Fibro- Fibrosis-

LN - Lymph Node

Lympho - Lymphocytic

MAN - Mandibular
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THE EFFECTS Of SUPCHRONIC EXPOSURES
10 FED PHOSPHOPUS!BUTYL RUBBER

'RPFi", COMBUSTION PRODUCTS

Pr oject Summv.ry Table
SUMMARY: Incidence of NEOPLASTIC and NON-NEOPLASTIC Microscopic Findings

PROJECT ID. NOV 221-010 FATES: FINAL SACRIFICE
DAYS: 89-89 SEX: MALE

GROUP: CO C1 C2 C3
NUMBER OF ANIMALS: 12 12 12 12

* z * : ix %

NASAL TURBINATE-LEVEL No Eý- 1 12 12 12

NASAL TURBINATE-LEVEL 2 No E. 1 12 12 12

TRACHEA N- E. 11 12 12
Erosiorn ' , , 0., 0 0 4 (33)

LARYNY No E: 12 12 12 12

PULKONMAR LYMPH NODE moE 12 12 12
Hemorrhage (42. ('25' 4 (33., 5 (42)
Lymphocytic Hyperplasia 10 (83 2 (1?, 1 (8) 3 (25)

Macrophaqe Hyperplasia 0 (0' 1 (8ý 2 (17) 3 (25)
Piqment ( 1 t8) 1 (8) 0 (0)
Edema C •0' 1 (8., 0 (0) 0 (0)
Lymphocytic Infiltrate '0 0 ;0) 0 (0) 1 (8)

LUNG No E:: 1Z 12 12 12
Atelectasis 5 (42) 4 (33) 1 (8) 5 (42)
Focal Lymphocyte Ag9reqate 0 (0) 2 (17) 1 (8) 0 (0)
Alveolar hacrophages 8 (67) 2 (17) 1 (8) 1 (8)
Interstitial Inflammation 7 (58) 1 (8) 1 (8) 0 (0)
Terminal Bronchiolar Fibro 0 (0) 4 (33) 12 (100) 12 (100)
Mineralization 0 i0) 0 (0) 0 (0) 7 (58)

HEART No E:: 12 0 0 12
Inflammation 2 (17) 0 0 0 (0)
Lymphocytic Infiltrate 1 (8. 0 0 2 (17)

EYE No E; 12 0 1 12
Corneal Anomaly 1 (8' 0 0 0 (0)
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO PtED PHOSPHORUS/BUTYL RUBBER

(RP/Pi4 COMBUSTION PRODUCTS

P ro jcct Sum n-ar ,y T.aLtoIe
SUMhAF. : Incidence of NEOPLASTIC and NON-NEOPLASTIC Microscopic Firdirqs

"PROJECT ID. NO: 221-010 FATES: FINAL SACRIFICE
DAYS: 89-89 SEX: MALE

GROUP: CO Cl C2 C3
NUMBER OF ANIMALS: 12 12 12 12

##

'I:IDNEY No E!: 12 (' 0 12
Hyaline Casts 1C (835 , 0 8 (67)

Tubular Hyperrlas1ý , (7, 0 . 8 (67)
Pigmert I '8) , 0 2 (17)

ADRENAL No E. 12 ( 0 12

LIVER o E- 12 0 12

Irifh Iaati or, 1 {E: C, C, (8)
Lymphocytic Infiltr3te 6 (50.; ,0 0 6 (50.i

ESOPHAGUS NK. E 12 0 , 12

SIOMACH NO E: 12 0
Ex:foliated Cell: i (8.' , 2 (17)

DUODENUrM Nc E: I , 12

URINARY BLADDER No ELI 12 0 0 12
Concretion 1 (8' 0 0 0 (0)
Lymphocytic Infiltr.te 0 i0) 0 0 1 (8)

TESTIS No Ex 12 0 0 12
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THE EFFECTS OF SUPCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBEP

(Rp.'lR COMBUSTION PRODUCTS

Pro ject. Sum,.ar y T. a ble
SUMMARY: Irncidence of NEOPLASTIC and NON-NEOPLASTIC Microscopic Findinq.

PROJECT ID. NO: 221-010 FATES: FINAL SACRIFICE
DAYS: 89-89 SEX: MALE

-- GROUP:- - -CO - C C2 C3
NUMBER OF ANIMALS: 12 12 12 12

4 % * %

-OTHER TISSUES AND LESIONS:

MAYH LN-MacroDhage Hyperplis.i 1 (86 1 (81: 1 (8) 0 (0)
MAN LN-Lympho Hyperplas..ý 1 (8' (, (0W 1 (8) 0 (0)

SMAN LN-hemorrhaqe I (8 1 (81 1 (8) 0 (0)
THYMUS-Hemorrha,4e I (- 0 (0, 1 (81' ( (0)
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THE EFFECTS OF S1JCHROWIC EXPOSURES

TO RED PHOSPHORUS/IUTYL RUBBER
(RP/BF" COMBUSTION PRODUCTS

RECOVERY SACRIFICE GROUP

jProject Summary Table
SUhMARI: Incidence of NEOPLASTIC and NON-NEOPLASTIC Microscopic Findings

PROJECT ID. NO: 221-010 FATES: FINAL SACRIFICE
DAYS: 145-145 SEX: MALE

GROUP: CO Cl C2 C3
NUMBER OF ANIMALS: 12 0 12 12

NASAL TURPINATE-LEVEL 1 No E;. 1' 12
Hemorrhaqe v ,0.. , 0 (0' 2 (17)
Autolysis 80 1 8' , (0)

EosiriODhillc Globule's., , , (8 c, (0)

NASAL TURPINATE-LEVEL 2 No E 12 12 12
Hesorrhage .5 0 (0) 3 (25)
Autolvsis 0 (0C 0 1 (8) 0 (0)

TRACHEA NO E: 0 12 12

Autolysiz 0 1 (8' 0 (O

LARYNK N' E.. 12 12 12
Mineralization v (0. , 0 (0! 1 (8)

Autolvsiz 1 (8) 0 (0)

PULNONAkY LYMPH NODE Nc E: 12 12 12
Hemorrhae i 42 0 5 (42) 7 (58)

Lymphocytic Hyperplasia / (56 , 3 (25) 6 (50)

Macrophaqe Hyperplasia 0 (0 1 (8) 3 (25)

Pigment 0 (0) 0 2 (17) 0 (0)

Edema 5 (42) 0 5 (42) 4 (33)

Lymphocytic Infiltrate 1 (8) 0 0 (0) 0 (0)
Autolysis 0 (0) 0 1 (8) 0 (0)
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THE EFFECTS OF SUPCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(PP/IR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

Proje t Sum.ar -ury TabIe
SUMMARY: Incidence of NEOPLASTIC and NON-NEOPLASTIC Microscopic Findings

PROJECT ID. NO: '21-010 FATES: FINAL SACRIFICE
DAYS: 145-145 SEX: HALE

GROUP: CO Cl C2 C3
NUMBER OF ANIMALS: 12 0 12 12

LUNG No E:: 12 0 12 12
Atelectasis 6 (50) 0 3 (25) 2 (17)
HemorrhBe 1 (8) 0 2 (17) 1 (8)
Foc~l Lymphocyte Aq9req3te 1 (8) 0 1 (6) 0 (0)
Alveolar fl3croph3'1eE 8 (67" 0 4 (33) 0 (0)
Irnterstitial Inflasmatior, 5 (42) C' 1 (8) 0 (0)
Termwril Brorchiolar Fibro 0 (0) 0 12 (100) 12 (100)
Eoslr,0Dnh1lic rnfiltr~te 2 (17) 0 1 (Q) 0 (0)
Mirer3.h:.3tior, 0 (0) 0 0 (0) 6 (50)
AJtolysi.- 2 (17) 0 1 (8) 0 (0)

HEART No E.', 12 0 1 12
Lympoocytic Irfiltrate 4 (33) 0 0 (W) 0 (0)

EYE iNo E;: 12 0 0 12

KIDNEY No E.. 12 0 0 12
Hyaline C-istc 11 (92) 0 0 10 (83)
Tubular HyperDl•s ".', (82) 0 0 9 (75)
Lymphocytic lrnfltr.3te 0 (Q) 0 0 1 (8)

ADRENAL No E:, 12 0 0 12
Accessory Cortic.l Tissue 0 (0) 0 0 3 (25)

LIVER No Ex 12 0 0 12
Irflameatior, 0 (0) 0 0 2 (17)
Lymphocytic Infiltrite 1 (8) 0 0 3 (25)

ESOPHAWSUS No Ex 12 0 0 12
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THE EFFECTS OF SUPCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUIYL RUBBER

(PP,/BR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GkOUP

P ?roject Summa.ry T.,ab3e
SUMnmA,: Irciderce of NIEOPLASTIC and NON-NEOPLASTIC Microscopic Findings

PROJECT ID. NO: 221-010 FATES: FINAL SACRIFICE
DAYS: 145-145 SEX: MALE

GROUP: CO C! C2 C3
NUMBER OF ANIMALS: 12 , 12 12

i# * % t % I Z I %

STOMACH No E" • 1 0 0 12
Exfoh3ted Cells 1 (8! 0 0 1 (8)
Cystic Glards 1 (8) 0 0 1 (8)

W DUODENUM No E.! 1.2 0 0 12

URINARY tLADDER No EF" 12 0 0 12
Concretion 1 ( c 1

TESTIS No E:ý 12 0 0 12
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RcED PHOSPHOkUS/BUTYL P0Y•EP,

(RP/BR) COMPUSTION PRODUCTS
RECOVERY SACRIFICE GRiOUP

Project Summranry T.alb Ie
SUHMAPi: Iricidence of NEOPLASTIC arid NON-NEOPLASTIC Microscopic Firdinqs

PROIECT ID. NO: 221o010 FATES: FINAL SACRIFICE
DAYS: 145-145 SEX: MALE

GROUP: CO C C2 C3V
NW"IER OF ANIMALS: 12 0 12 12

OTHER TISSUES AND LESIONS:

PREPUTIAL GLAND-Inflahm3tior, 0 (0) 0 (0) 0 (0) 1 (8)
FAT-Intlausvtior, 0 (0) 0 (0) 1 (8) 0 (0)
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IHE EFFECTS OF SUKCHRONIC EXP'USURES
TO f'ED PHOSPHOPUS/:tUTYL RUPPE,

(RP,'I) COMbUSTION PRODiUCTS

Frc v jeý, t . ,iJ m a r y i..- 1 e
SUMMA'R: Irvcidence cf NEOPLASTIC and NON-NEOPLASTIC Microscopic Findirip

PROJECT ID. NO: 221-010 FATES: SPONTANEOUS DEATH
tIAIS: Sl-l•2• SEX: MALE

__ GROUJP: .. . ..- -CO - -C1 - -C2 C (3 .. . .

NUbUEi, OF ANIMALS: C, 1 3

* % $ % t X * 1

NASAL TURPINATE-LEVE. 1 No ': E 2 0

NASAL TU INATE-LEVEL 2 NC E."2 3
Autolysi• I (50) 0 0 (0) 0 (0)

IRACHEA No E:.2 0 1 3
A'Jtol1'. 2 (i1". I - (100) 0 (0)

LARYNX 2 0 1 3
Autolyss 2 (100,) 0 1 (100) 0 (0)
Eros(or,) 0 0 (0) ( 100)
Ir, funitlor, 0 0 0 (0) 1 33)

FULMONAkY LYMP4H NOtE No E.. 2 0 1 3
Hemorrhige ( 10P) 0 1 (100) 3 (100)
Pluent 0 i0) 0 1 (100) 1 (33.1
Ede(. ( 0 (0) 1 (33)

LUNG No E:: 2 0 1 3
Hemorrhvge 1 (50.1 0 1 (100) 2 (6?)
Alveohir Mlcrooihe- 1 (50) 0 0 (0) 1 (33)
Termird 4rorchiolv.r Fro (1 (0) 0 1 (1O0) 3 (100)
Congestior, 2 (100) 0 1 (100) 3 (100)
Autolyis 1 (SC,) 0 0 (0) 0 (0)

HEART NHoE: 0 0 0 0

EYE NoE.: 0 0 0 0
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TABULATED ANIMAL DATA

TERMINAL SACRIFICE
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THE EFFECTS OF SUBCHFONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL WUP,'ER

(RP/BR) COMFUSTION PRODUCTS

T.a b, u .L t e-d Ara 1 ma. 1 3[1 a t-.-

__- PRO3ECT ID: 221-010 GROUP: Co - SEX:- MALE - -- DAYS: -89-89 .
FATES: FINAL SACRIFICE

ANIMAL ID. NO: 529 530 531 532 533 534 535 536 537 538

NASAL TURNINATE-LEVEL 1 N N N N N N N N N N

NASAL TURBINATE-LEJEL 2 H N N N N N N N N N

TRACHEA H N N N N N N N N N

LARYNX H N N N N N N N N N

PULMONARY LYMPH NODE N N
Hemorrha.ie - - - - - 1 2 1 - -

Lysphocytic HyperpiBs1.n 1 1 2 1 - 1 1 2 - 2

LUNG
Atelectasis - - 1 1 - - I i
Alveol.ar micrcophies 1 1 1 1 1 l - 2
Trhterstitnl !rfalanimtior, 2 2 - 1 1 1 - 2

HEART , N N N N N
Iri flIUU~tlor, . . .. - 1 1 -

Lympnocytic Irnfiltrate . ... . . .

EYE 0 N N N N N N N N N
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO REDI PHOSPHORUS!BUTYL RUBWER

(PPPR) COMDUSTION PRODUCTS

PROJECT ID: 221-010 GROUP: CO SEX: MALE DAYS: 89-89
S.... . . £-FATES:-EINAL-SACRIFICE- . ... . ... ..

ANIMAL ID. NO: 529 530. 531 532 533 534 535 536 537 538

KIDNEY N4
NHyalire Cists 1 - 1 1 I 1 I 1 1 1
Tubular Hyperplhsn - 1 1 l 1 - 1 1 1
Piqmert .- 1 - -

ADRENAL 0N N N N N N N N N

LIVER N N N
Irgflammlitiorf - " . . ..

Lymphocytic Irf1it,.•te - - - - 1

ESOPHAGUS N 0 N N N N N N N

STOMACH 0 N N N N N N N
E:fdoll.3ted Cells .. .. .- -

EDUODENUM N N N N N N N N

URINARY I.LADPER N N N N N N

TESTIS N N N N N N N N N
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS

T-au Ia.te.od ArniniaIm l t.•a.

PROJECT ID: 2.1-010 GROUP: CO SEX: hALE DAYS: 89-89
FATES: FINALSACRIfICE .. ..__. .

ANIMAL ID. NO: 529 530 531 532 533 534 535 536 537 538

OTHER TISSUES AND LESIONS:

NAN LN-Microph.e Hyperol3so - - - - - 2 - - -

MAN LN-Lympho hyperphii.3 - - - - - 2 . . . .-

HAN LN-Hesorrnrqe - - - - - 2
THYMUS-Hemorrhge - - - 2 - -.
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/PUTYL RUBEER

(RP/BR) CONEDUSTION PRODUCTS

,T k bJ dL.t . Are I m a I Ili -a týti

PROJECT ID: 221-010 GROUP: co SEX: HALE DAYS: 89-89
-. . . . --FATESr-FINAL-SACRIFICE-- -

ANIMAL ID. NO: 539 540

NASAL TURBINATE-LEVEL I N N

NASAL TURPINATE-LEVEL 2 N N

TRACHEA N N

LARYNX N

PULMONARY LYMPH NODE
Nemorrn-.9 1 1
Lylphocytic Hvper.1. 1 1

LUNG N
Alveolar macrooh3ies'
Interstiti•l Ini lamitior, .

HEART N N

EYE N
Corneal Arom3ly

KIDNEY
Hyalirne Casts 1 -
Tubular Hyperp.las1i. 1 1
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THE EFFECTS Of SUDCHIONIC EXPOSURES
TO RED PHOSPHORUSiUIYL RUWPER

(RF/BR) CONBUSTION PRODUCTS

.T. l,,1.ated Ainim.l L'at.-

PROJECT ID: f21-010 GROUP: CO SEX: MALE DAYS: 89-89
--FATES: FINAL SACRIFiCE __... .

ANIMAL ID. NO: 539 540

ADRENAL N

LIVER
Lymphocytic Irixt.3te 1 1

ESOPHAGUS N

STOMACH N

DUODENlIm 0 N

URINARY PLADDEIR N
Congcretiorn P

TESTIS N 0
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSJPHDRUSi bUTYL RI*BER

(WP.ib?) COMBUSTION PRODUCTS;

T-atou1.+ed An i ma I rm.-t.

--- PROJECT 1D:--"1-010-- -GROUP*:-Cl1--- -SEX:'-MALE-- - IAYS:-89-89- _ _

FATES: FINAL SACRIFICE

ANINAL ID. NO: 260 541 542 543 544 545 546 547 $48 549

NASAL TURRINAIE-LEVEL 1 N N N N N N N N N N

NASAL TURBINATE-LEVEL 2N N N N N N N N N N

TRACHEA 0 N N 0. N N N N

LARYNX N N N N N N N N N

PULMONARY LIAFH NO0DE N N N N N N N
Hemorrhale- 2 - - - -

Lybohocyt ic NHjDer p1 3s i - --- - 2
Pipmernt- - - - - 1

LUNG N N N N
Atelect.3sis - 1 - - 1 - - 1
Focil Lymahoc-ite Awre43tc. - - I - - - 1 -

Alveolat hicroopnmes - - I
Iriterstitu~l Irfhiinnior, - - - - - - - 1 -

Tersir,31 trorichlo1i., F.t'ro - - - - - 1 - 1 1
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED' PHOSPHORUS/IUZYL RUBBER

(RP/BkR) COMBUSTION PRODUCTS

T .a o .ute d Ani .i Ea I D

PROJECT ID: '.1-010 GROUP: Cl SEX: hALE DAYS: 89-89
__. . . . . .---- FATES:-FINAL- SACRIFICEr -_____ ___

ANIMAL ID. NO: 2160 541 542 543 544 545 546 547 548 549

OTHER TISSUES AND LESIONS:

MAN LN-M.acrophi'e Hyperpl)• - - - - 1 - -

MAN LN-Hemorrh)qe - 1
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THE EFFECTS OF SUPCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBEk

(RP/H4R) COHMUSTION PRODUCTS

T. a bsJ 1I at a d Ara i mt. a I E.a t.a

PROJECT ID: 221-010 GROUP: Cl SEX: MALE DAYS: 89-89
-- ---- FATES FINAL-SACR IF ICE1 ...

ANI'.AL I,. NO: 551 552

NASAL TURPINATE-LEVEL 1 N 0

NASAL TUkPINATE-LEVEL 2 N :4

TRACHEA N 0

LARYNX !]

PULMONARY LYMPH NODE
Heuorrhiq~e 1 1

hNirophape Hyperplasi -
E~eua 1 -

LUNG N
Atelem3r oisi - I
Term~~ina ftrorcniaJir Fit-ro- 1
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THE EFFECTS OF SUPCHRONIC EXPOSURES
TO RED' PHOSPHORUS/ PUflL PUBEP

(RP!1Bk) CMhIUSTION PRODUCTS

T ba lu Ia t e d Are irma I Ll a-t a

__ -~ OJECW:221-010 - GORUP:-C2--- -SEX:- NALE- --- - AYS:-B9-S9 ______

* FATES: FINAL SACRIFICE

ANIMAL ID. NO: 553 554 555 556 557 558 559 560 561 5621

NASAL TUHINAT."LEVEL 1 H 0. N N N N N N N N

NASAL TURPINATE-LEVEL 2N N N N N N N N N N

TRACHEA 0 N P N N N N N N N

LARYNX N 0 N N N N N N N N

PULM0O4ARY LYMPH NONE N N N N H
* Hevorrha,4e 3 - - - - - 2 1

Lyaphocytic Hyperp1~sn - I
Ma.crophipe 4H' perplisnI-1-
Pi~uerit

40 LUNrG
Atelectixsis--
Foc.i1 Lvapnocvte Aqwei;te
Alveolir m3cIropf3qes I

rInterst~t1.3i lrifmm3t~or - - - - -

Teruari1 Broricniol~u F.t~ro 2 2 2 2 2 1 2 2 1 1
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THE EFFECTS OF SUBCHPONIC EX.OSUPFE
TO kWi PHOSFHORUS/DU7YL R, UBM

(Pi/?R) COMBUSTION PRODUCTS

Tabula.ted Artimal Elna-tVa

PROJECT IN: 241-010 GROUP: C2 SEX: HALE DAYS: 89-89
FATES: FINAL SACRIFICE

ANIMAL ID. NO: 553 554 $55 556 557 558 559 560 561 5(G.

OTHER TISSUES AND LESIONS:

MAN LN-Mactophqe- Hyperolisl3 - - 1 -

HAN LN-Lymoo Hyperphls- - - 2 -

MAN LN-Hemotrhivle - - 1 -

THYMUS-Hemorrhlqe . .. 1
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THE EFFECTS OF SUPCHPONIC EXPOSURES
TO RED PHOSPHOPUSIIUTYL PUI•PE

(RP.iR) COMBUSTION PRODUCTS

T.a t,.u 1 a t d~ A r, in. a I E at,

PROJECT ID: 2:1-010 OROUP: C'. SEX: MALE DAYS: 89-89
FATES: FINAL SACRIFICE

ANIMAL ID. NO: 563 564

NASAL TURDINATE-LEVEL I N N

NASAL TUBINATE-LEVEL N N

TRACHEA N N

LARYNX N N

PULMONARY LYMPH NO.Hr
Hemorrhaie 3
hicrophia9e Hyperp" )sn

LUNG
Termair,al rorchiohr Fil.ro

145



THE EFFECTS OF SUPCHRONIC EXPOSUPES
10 REDI PHOSPHORUS/ PUYL RLIPER

(Rppk) COMB~USTION PRODUCTS

TabLu1I -Bteal Are i ma I r.1a t.a

PW3JECT IN: 2.11-010 ripoup: C3 SEX: MALL DAYS: 69-89
---- -FAdES:-FINAL- -SNACR IF ICE-

ANIMiAL ID. NO: 55 565 566 567 568 569 570 5 72 57 3 $74

NASAL TUPOINATE-LEVEL I N N N N N N N N N N

NASAL TUIOINATNE-LEL 2N N N N 0 N N N N

TPACNEA N N N N
Erosion

LARYNY N N N N N N N

FULMONARI LYMPH NODE N N

Lympnocytic H,' perphs,.1 - - 1 -

hacrophlqe HyperolD11n-- 1 -

Lyschocytic irdiltrnte - - - - 1 --

LUNG
Atelectasis 1 - 1 - 1
Alveolar h3Ctopfl~eS
Teromil Prorichiolir Fit-ro 4 2 1 3 3 4 4 3 3 3
Ilireralizatiori I

NEART N N N NN N N N
Lymphocv~tic Infiltrate - -1 1 - - - -

EYE N N N N N N N N N N
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THE EFFECT3 OF SUICHRONIC EXFOSURES
TO hEV PHOSPHORUSB4LTYL WIPM
(R'i,•R) COMBUSTION PRO[UCTS

T.a L,,u1 at e, d Armin ma31 , -.t.a

PROJECT IN: "621-010 G'OU1: C3 SEX: HALE DAYS: 89-89
FAME.: FINAL SACRIFICE

ANIMAL IN. NO: 55 565 566 567 566 569 570 572 573 574

KIDNEY N N
hyalne Cists 1 1 1 1 1 1 1 -

Tubulir HyperplP.l3 1 1 1 1 1 1 1 -
hqagent- - - - - 1 1 -

ADRENAL N N N N N N N N N N

LIVER N N N N
Ir~fl •wnuon - - - I-. . . .

Lymsrocyt•c Inftiltnte I 1 - 1 - I - -

ESOPHAGLS N 0 N N N N N N N N

STOMACH N N N N N N N
E:41o11te'z Celli I I

DUOVENUM N N N N N N N N N N

URINA.:i .LAEDEM N N N N N N N N N
Lysphocytic Ir, i ltrite .. . . .

MIUT$I N N N N N N N N N N
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THE EFFECTS OF SUPCHRONIC EXPOSUFES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/?R) COMBUSTION PROOUCTS

Tab'.ulted An!imal Da -ut,.

PROJECT ID: 221-010 GROUP: C3 SEX: MALE [DAYS: 89-89
FATES: FINAL S4CRIFICE

ANIMAL ID. NO: 575 576

NASAL TURBINATE-LEVEL I N h

NASAL !URSINATE-LEVEL 2 N N

TRACHEA N -

LARYNX N N

PULMCNARY LYhPH HOPE r

Lywpnocytic Hyperol siz

LUNG
Atelectasis ] -

Terminil hrorchioli P. rct 3 4
flir, erili i--tic~r, I

HEAN N

EYE r!

K IDNEY N
Hyalire Cast.s 1
Tubular Hyperolasa -

ADRENAL N
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/bUTYL PUPPBER

(RPiDR) COMBUSTION PRODIUCTS

T-abo- u I a. a ted Araimal ).-a t.a

PROJECT IN: 221-010 GROUP: C3 SEX: MALE DAYS: 89-89
FATES: FINAL SACRIFICE

ANIMAL ID. NO: 575 576

LIVER N
L•ylDhOCYtiC Ifilt;ite - I

ESOPHAGUS N N

STOMACH N

DUODENUM

URINARY BLADDER 0 N

TES!IS N
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TABULATED ANIMAL DATA

RECOVERY SACRIFICE

1.5

~1

01
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COiPUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

T.l:bu .Ite+-d An i ma- 1 I .ata

PROJECT I: 2121-011 GROUP: CO SEX: MALE DAYS: 145-145
FATES: FINAL ,,ACRIFICE

ANIMAL ID. NO: 626 6.7 628 629 630 631 632 633 634 635

NASAL TURPINATE-LEVEL I N N N N N N N N N N

NASAL TURBINATE-LEIPL 2 N N N N N N
Hemorrrhue - 1 - 1 . . . .

TRACHEA N N N N N N N N N N

LARYNX 0 N N N N N N N N

PULMONARY LYMPH NODE N N N
Hemorrhige - 2 - - 1 1 -

Lymphocytic Hyperphi:n 1 - 2 - - 1 1 -

Eemde - 1 ] - 1 -

Lyaphocytic Infiltrnte - 1 - - -

LUNG
Atelectasis 1 1 1 1 -

Hemorrhage - 1 .. . . . .
Alveolar hacrcophaes 1 2 1 1 1 - I -

Irnterstitial Inflammitior, 1 I - 1 1 - 1I- -

Eosirophilic InfIltr3te " - 1 1 . .. .
Autolysis - I . . . .. I

HEART N N N N N N N
Lymphocytic Infiltrate 1. . .1.

EYE N N N N N N N N N N
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THE EFFECTS Of SUDCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

Tzabsu I ated Are ima I ra.:t,

__PRO3EC! ID: 2'1-010-- -GROUP: CO-- --- SEX: HALE- - DAYS:-145-145 ...
FATES: FINAL SACRIFICE

ANIMAL ID. NO: 626 627 628 629 630 6W1 632 633 634 635

KIDNEY
Hyalire Casts 1 I I 1 1 I I 1 1 1
Tubular HyperphlS3 1 1 1 1 1 1 1 1 1 1

ADRENAL N N N N N N N N N N

LIVER N N N N N N N N N N

ESOPHAGUS N N N N N N N N N

STOMACH N N N N N N N N
Exfoli3ted Cells - - 1 - - - - -

Cystic Gl3rds .1 - - -. -.

DUODENUM N N N N N N N N N N

URINARY ?LADDER N N N N N N N N
Corcretiorn .. . . .

TESTIS N N N N N N N N N N
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THE EFFECTS OF SUPCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PROD'UCTS
RECOVERY SACRIFICE GROUP

Tab auj Iated Araima.- rm.at.u

___ _ PR03ECT i:-"21-01 •GROUP:-CO--_- - -SEX:-MALE-- -AYS:145-145 -- -

FATES: FINAL SACRIFICE

ANIMAL 111. NO: 636 661

NASAL TURBBINATE-LEVEL I N N

NASAL TURDINATE-LEV'EL N N

TRACHEA N 0

LARYNX N N

PULMONARY L'MPH HO[PE
Lymphocytic Hyperphl!.3 1 2
e2

LUNG
Atelectisis
Focal Lymphocyte AWyre.te -

Alveolar flacroonptes . 1

HEART
Lympnocytic Ifiltr.ate

EYE N N

KIDNEY N
Hya!ire Casts
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THE EFFECTS OF SUDCHRONIC EXPOSURES
TO RED' PHOSPHORUS/PUTYL RUBB!ER

(RP/sR) COMBUSTION PRODUCTS
RECOVEPY SACRIFICE GROUP

T.ba.to 1..ted Anim.al Da.t.a

__ PIOECT-Ir:-221",nl- - -GkOUP:-CO- --- -SEX:-MALE - --K-AY$:-14,-145k
FATES: FINAL SACRIFICE

ANINAL IU. NO: 636 661

ADRENAL N N

LIVER
Lymphocytic Iriitrate

ESOPHAGUS N

STOMACH N 0

DUOPENUM N N

URINARY FLArVE.R

TESTIS N
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INE EFrECIS OF SUKCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBE
(RP/Bp) COMPUSTION PRODUCTS

RECOVERY SACRIFICE GROUP

__ _ POJECT 111: 2.41-010- GROUP i%-C2-- SEX:_ HALE ~ ---- D AYS: 145-145
FATES: FINAL SACRIFICE

ANIMAL 11'. NO: 638 639 640 641 642 643 644 645 646 647

0 NASAL TURPINATE-LEVEL 1 N N N N N N N N N
Eosriophih,: Giobuile(t.'

NASAL TURBINATE-LE'.EL 2N N N N N N N N N N

TRACHEA N N N N N N N N N N

LARYNX N N N N N N N N N N

PULKONARY LYMPH 14011E NN
Hemorrh.3qe - - 2 1 3 - 3 -

Lymphocytic Hypero1~sii2 1 I -- - - -

Mlicroon~p HyDerps'- 1 - -

Pioer~t - - 2 - 2 -

LUNG
Atelectasis - 1 - - - -

Focal Lymphocyte Azqe-;ite- - - - --

Alveolar Microphi~es - 1 - -- 1 1 -

Interstiti~1 Infl.immiior 2 - - - -

Terminal Prorichiolar Fibro 1 1 2 2 - 2 1 1
Eouinophilic Irifiltr~te2 -- - - - - -
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THE EFFECTS OF SUSCHRONIC EXPOSURES
TO RED PHOSPHOkUS/BUTYL RUIIDER

(WP8l) CONIPUSTION PRODUCTS
99COUERY SACRIFICE GROUP

PPOIECT ID: .21-010 GROUP: C3 SEX: hALE DAYS; 145-145
FATES F SIJLACR IFICE-

AINAL ID. NO: 638 639 640 641 642 643 644 645 646 647

0MhER TISSUES AND LESIONS:

FAT-Irf lamatier, -
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THE EFFECTS OF SUIRCHONIC EXPOSURES
TO RE[D PHOSFHORUS/FUTYL WbýEk
(1P/R) COWi~ST ON PRODUCTS

RECOVERY SACRIFICE UiOUP

PROJECT ID': '.21-010 rOROUFI: C., SEX: MALE DAYS: 145-145
___ __ __ ATES:- FINAL-SACR IF ICE---- --

ANIMIAL ID. PC,: 648 673

NASAL TURBINATE-LEVEL 1N
* Autolysis P

NASAL IUW~NATE-LEY.EL 2N
Auto1%'ys P

TRACHEA N
Alitclysi P

L ARYNX N
Aijtolysis

FULMNOAPY L~hFH NC1E
Hemortrhipe
Edes)
Alutobl is -

Terexr31 ?rorichio13 Fit-o I
Auitolysis -
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THE EFFECTS OF SUICHIONIC EXPOSURES
TO •[E PHDSPHORUS/BUTYL RUBWER

(R•PR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

Tabu.,I .ted Are i m.• a 1 D.at.a

-- PROJECT ID:- -G1-1 O OUP: C3 -- SEX:ALE ---DAYS: 145-145
FATES: FINAL SACRIFICE

ANIMAL ID. NO: 650 651 652 653 654 655 656 657 658 660

NASAL ?URIINAIE-LEYEL I N N N N N N N N
Hemorrn)9e 1 ... . .

NASAL IURMINAIN-LEVEL •N N N N N N

Hesorrhvie . . 3 .

TRACHEA N N N N N N N N N N

LARYNX N N N N N N N N N N

PULMONARY LYMPH NODE N
Hemorrhioe -1 2 1 3 - 1 -

Lymphocytic Hyperphs - 1 2 - 1 1 2
Nacroohige HyvretolS.; -- - 1 " " 1 -
Ed--ell -

LUNG
Atelect.!1s . . . . 1 l -

Hemorrhlge 1 . . . . . . . .
Termirl itoncholur Fit,ro 2 2 3 3 3 3 4 3 3 3
N~.irer31i:3tio•,- - 1 - - - 2 1 1 I

HEART N N N N N N N N N N

EYE N N N N N N N N N N
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THE EFFECTS OF SULCHRONIC EXPOSURES
TO RED PHOSPHORUS!BUTYL RUPERk
(RP.,"R) COMPUSTION PRODUCIS

RECOVERY SACRIFICE GROUP

"T.abuJlated Areirnal maIat..a

PROJECT ID: 221-010 GROUP: C3 SEX: HALE DAYS: 145-145
___ - __EAES' FINAL-SACP.IF!CE ... . .-

ANIHAL Ii'. NO: 650 651 652 653 654 655 656 657 65S 660

K ID11EY N
"•line Cists ] 1 I I 1 1 - I
Tub7013 Hyperphso 1 1 1 1 1 1 - 1

ADRENAL N N N N N N
Accessory Cortail lij .p.. . P -

L IVER A N N N N
Inf.sitior, - - -ior 1 2 .
LyePhOcic rl¢ t, !,, ....

£SOPHAGUS N N N N N N N N N N

STOMNCH N N N N N N N
E :oI•0ted Cells- - -" " i
Cystic ,3lir, J" - 1 . . . . .

DUODENULM N N N N N N N

UMINARY FLAEPER N N N N N N N N N
Concreuoretion"-i

ESISN N N N N N N N
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THE EFFECTS OF SUECHRON!C EXPOSURES
IL RED PHOSPHORUS/BUTYL PUBER
(PP/BR) COMBUSTION PRODUCTS

RECOVERY SACRIFICE GROUP

T. abjuI.a'te. : Armn maI D-.at.a

PROJECT I0: 21-010 GFIOUP: C3 SEX: MALE DAYS: 145-145
-. .. .. .- FATES' -FINAL -SACRIFICE- . . ...

ANIMAL ID. NO: 650 651 652 653 654 655 656 657 659 660

OTHER TISSUES AND LESIONS:

PREPUTIAL GLAND-Inflass3tron 4
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THE EFFECTS OF SUPCHRONIC EXPOSURES
To REPl PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

T~abJI a-Led Ar, im a I D at -a

PROJECT IN: 221-010 GROUP: C3 SEX: HALE -DAYS: 145-14 _

__FATES: F IL SACCRFICE

ANIMAL Ill. NO: 685 692

NASAL IURIINATE-LEVEL 1 N N

NASAL TURPINATE-LEVEL N N

TRACHEA

LARYNX N
Miner 1i:ntior -

PULMONARY LYMPH NGtE
Hesorrhiqe -

Lymphocytic Hyperpla.sia 1 1
Macropol.39e H,,'erpnlasi.a 1 -I

LUNG
?ermiral Prorchiolar fitro 4 .2
hireral:3tior, -

HEART N N

EYE N N

KIDNEY
Hyalirie Cists 1 1
Tubular Hyperplasia I
Lymphocytic Irniltrate 1 -
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THE EFFECTS OF SUPCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/Bk) COMPUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

T.abu l.ated Ar in 1 m EI .Vta

PRO3ECI ID: 221-010 GROUP: C3 SEX: hALE . . .DAYS: 145-145
.. .----FATES:EINALSACRIFICE

ANIMAL ID. NO: 685 692

ADRENAL N N

LIVER N 0

ESOPHAGUS N N

STOMACH 0 N

DUODENUM N N

UR INARY BLADIDER N N

TESTIS N N
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TABULATED ANI1MAL DATA

SPONTANEOUS DEATHS
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO FEEI PHOSPHORUS!/UTYL WUESER

(RP."tBk) COMBUSTION PRODUCTS

T.ab-.1 ated An im.a I Data

PROJECT ID: 221-010 GROUP: CO SEX: MALE _ - DAYS: 71-1,5 . . . .
& - FATES: SPONTANEOUS DEATH

ANIMAL ID. NO: 85 160

NASAL TURBINATE-LEVEL 1 N H

NASAL TURIINATE-LEVEL A
Autolysis P

TRACHEA
Autolysis

LAWYNX
Autolysis

PULMONARY LYMPH HOPE
Hemorrh.•e 4 1

LUNG
Hemorrhuqe - 2
Alveolar hcrophues 4 -
Congestior 4 3
Autolysic - P
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THE EFFECTS OF SUPCHRONIC EXPOSURES
TO RED PHOSPHORUS/PUTYL RUBB•ER

(•l![•''k) COMBUSTION PRODUCTS

T.abI•:J1.•+t.ed Arn i l ma lata

PROJEC! ID: 221-10 - GROUP: C' _ SEX: MALE -- _- _DAYS: 107-107 __-

FATES: SPONTANEOUS DEATH

ANIMAL ID. NO: 172

NASAL TURFlINATE-LEVEL 1 N

NASAL TURBINATE-LEVEL 2N

TRACHEA
Autolysis p

LARYNX
Autol'sis .

PULMONAfRI LYMPH NODE
Hemorrhage 2
Piguert 2

LUNG
Helorr9Qe
Terwri, DPronchiolir Fit-ro
Cargestior,
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THE EFFECTS OF SUICHRONIC EXPOSURES
TO RED PHOSPHOkUS,'PUTYL RUBREk
(RPi/l) COMBUSTION PRODUCTS

T.at-,uI ated AnimaI ri-ta

POJECT r. 21!-010 GROUP: C3 SEX: HALE DAYS: 51-78
__ ATES,"SPaNTANEOUS-DIEATH _- __ - - __ __ _ ____

ANIMAL ID. NO: 135 186 331

NASAL TURIINATE-LEVEL 1 N N N

NASAL TURBINATE-LEVEL 2N N

TRACHEA N N N

LARYNX
Erosior, 2 3 4
Inflmmntion 3 -

PULMONARY LYMPH NODE
Hemorrhie 2 3 4
Pi~lerit - 2
Edema 1

LUNG
Nesorrhi•qe 2
Alveol•r hi.cro pniqe- 1
Termirn.al ronchtoIr Fibro 2 2
Corest iori ~

rib,
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HISTOPATHOLOGY INCIDENCE TABLE

SPECIAL STAINS
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CORRELATION OF-GROSS AND MICRO TABLES
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THE EFFECTS OF SUbl0IRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS

Ccr- re-Ia.t oc ori f Gross & M:ic -o

PROJECT ID: 221-010 GROUP: CO SEX: MALE DAYS: 89-89
PAGE 1
FATES: FINAL SACRIFICE

ANIMAL NO: 529 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

SREFERENCE- TO- NECROPSY-RECORD: -RELATED HISTOPATHOLOGY:

)NO, OBSERVABLE ABNOR.MALITIES. NOT APPLICABLE

ANIMAL NO: 530 PATHOLOGIST: OI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHC ... :

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 531 PATHOLOGIST: OI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

Y >NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 532 PATHOLOGIST: WOI
DAYS C:V TES : 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD; RELATED HISTOPATHOLOGY:

>THYMUS: Scattered Dark Red Foci THYMUS- Hemorrhaae
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS

Co7 te L. at ioni of Gross & Micro

PROJECT ID: 221-010 GROUP: CO SEX: MALE DAYS: 89-89
PAGE 2
FATES : FINAL SACRIFICE

5ANIMAL NO: 33 PATHOLOGIST: NOI
DAYS ON TEST: 89
AN.TMAL FATE: FINAL SACRIFICE

REFERENCE TC NECROPqY RECORD: RELATED HISTOPATHOLOGY:

>LUNG: Leitt, Scattered Red Foci NO COROLLARY CHANGE DETECTED

NJIMAL NO: 53e4 PATHOLOGIST: WOI
DAYS ON TEST; 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>MANDIBULAR LYMPH NODE- Dk. Red MANDIBULAR LYMPH NODE-
Hemorrhage

ANIMAL NO: 535 PATHOLOGIST: WOI
DAYS ON TEST: 89
.AlIMAL FATE: FINAL SACRIFICE

REFERENCE '1'u NECROPS -[ RECORD: RELATED HISTOPATHOLOGY:

>0 OBSERVABLE A SNOR.•tALITIES. NOT APPLICABLE

ANIMAL NO: 53' PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

R.-ERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES.

NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS

C x-reIatio n oLf G>oss & Mic=r-c

PROJECT ID: 221-010 GROUP: CO SEX: MALE DAYS: 89-89
PAGE 3
FATES: FINAL SACRIFICE

ANIMAL NO: 537 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE. FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 538 PATHOLOGIST: WOI
DAYS ON TEST: F9
ANIMAL FATE: FINAL SACRIFICE

RFFEP.ENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)LUNG: Scattered 0.1 To 0.5 cm LUNG- Interstitial Inflammation
Gray Raised Foci

)BLADDER: Filled With Yellow fluid NO COROLLARY CHANGE DETECTED

ANIMAL NO: 539 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOHPA'HOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS

C>r-tel .at on f G(ross & Mic zro

PROJECT ID: 221-010 GROUP: CO SEX: MALE DAYS: 89-89
PAGE 4
FATES: FINAL SACRIFICE

ANIMAL NO: 540 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

S REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSFVABLE ABNORMALITIES. NOT APPLICABLE
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THE EF"FECTS OF SUBCHRONIC EPOSURES
TO RED PHOSPHORUS / BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS

L C1oaiteation af Gross & Micaro

PROJECT ID: 221-010 GROUP: Cl SEX: MALE DAYS: 89-89
PAGE 1
FATES: FINAL SACRIFICE

ANIMAL NO: 260 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NEýCROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 541 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 542 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIML FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 543 PATHOLOGIST: WO0
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

, >NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS

Co.r-r ].ationi off Gro & Mic -o

PROJECT ID: 221-010 GROUP: Cl SEX: MALE DAYS: 89-89
PAGE 2
FATES: FINAL SACRIFICE

ANIMAL NO: 544 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE. FINAL SACRIFICE

-REFERENCE-TO NECROPSY -RECORD: -RELATED HISTOPATHOLOGY:

>NO OSERVAEBLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO1: 545 PATHOLOGIST: WOI
DAYS ON TEST; 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NTECfROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 5,46 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIEma, FATE: FINAL SACRIFICE

RE;UTFWCF' TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMaL NO: 547 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERFINCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>MANITBULAR LYMPH NODE- Red MANDIBULAR LYMPH NODE- Hemorrhage
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS

Cor>relatio. of> -ros & Micro

PROJECT ID: 221-010 GROUP: Cl SEX: MALE DAYS: 89-89
PAGE 3
PATES: FINAL SACRIFICE

S ANIMAL NO: 548 PATHOLOGIST: NOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO0 549 PATHOLOGIST: OI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERLNCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT P',PLICABLE

ANIMAL NO: 551 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

4b

ANIMAL NO: 552 PATHOLOGIST; WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RF/BR) COMBUSTION PRODUCTS

Cax elatiorn o)f' Gkcss & Mi4c o

PROJECT ID: 221-010 GROUP: C2 SEX: MALE DAYS: 89-89
PAGE 1
FATES: FINAL SACRIFICE

ANIMAL NO: 553 PATHOLOGIST: W0I
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

-REFERENCE TO NECROPSý RECORD" RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO, 554 PATHOLOGIST: OI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

RRENCF TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANILkAL NO. 555 PATHOLOGIST: NOI
DAYS ON TEST: 89
ANIDAL FATE, FINiAL SACRIFICE

REFERENCE T., NECROFSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO 556 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS

Corrkela.tion off Gr~oss & Microc

PROJECT ID: 221-010 GROUP: C2 SEX: MALE DAYS: 89-89
PAGE 2
FATES: FINAL SACRIFICE

ANIMAL NO: 557 PATHOLOGIST: WOl
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

SREFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:-

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 558 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 559 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)THYMUS: Scattered Dark Red THYMUS- Hemorrhage
Pinpoint Foci

ANIMAL NO: 560 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS

CoDr-ela- t i- of GrosIs & Micro

PROJECT ID: 221-010 GROUP: C2 SEX: MALE DAYS: 89-89
PAGE 3
FATES: FINAL SACRIFICE

ANIMAL NO: 561 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATD HISTOPATHOLOGY: -

.,ANDIBULAR LYMPH NODE: Dark Red MANDIBULAR LYMPH NODE- Hemorrhage

ANIMAL NO: 56ý PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERFNCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 563 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>1N0 OBSERVABLE AB3NORMALITIES. NOT APPLICABLE

ANIMAL NO: 564 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

> NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS

1 Co latiLCD or- Gkc-os & Mlc)X-o

PROJECT ID: 221-010 GROUP: C3 SEX: MALE DAYS: 89-89
PAGE 1

__ __FATES: FINkL-SACRIFICE- _ _ __ ___ ____ __

ANIMAL NO: 55 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 5e5 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 566 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIML FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 567 PATHOLOGIST: WOI
"DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNOR.i-LITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS

Cok- 'e l ticon cof G~-oss & Mlcr'o

PROJECT ID: 221-010 GROUP: C3 SEX: MALE DAYS: 89-89
PAGE 2
FATES: FINAL SACRIFICE

ANIMAL NO: 568 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAl1 FATE; FINAL SACRIFICE'

REFERENCE TO NECROPSY RECORD: -RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 569 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

RPFERENCf TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

NNO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 570 PATHOLOGIST: WOI
DAYS ON TEST: 89
AINIMAL, FATE: FINAL SACRIFICE

RE!SREMCE T) NCRFQF.Y RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO; 572 PATHOLOGIST: WOI

DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFRENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS

Co~er xt i n o± Gm-'o• & MCc>o

PROJECT ID; 221-010 GROUP: C3 SEX: MALE DAYS: 89-89
PAGE 3
FATES: FINAL SACRIFICE

ANIMAL NO: 573 PATHOLOGIST: OI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 574 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE; FINAL SACRIFICE

ITRENCE TO NECROFSY RECORD: RELATED HISTOPATHOLOGY:

>LUNG: Mottled, Grayish LUNG- Terminal Bronchiolar
Fibrosis

ANIMAL NO: 575 PATHOLOGIST: W0X
DAYS ON TEST: 89

ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RLCORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

AINIMAL NO: 576 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMLITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

C3-eat tri of GCros & Mico

PROJECT ID: 221-010 GROUP: CO SEX: MALE DAYS: 145-145
PAGE 1

---FATES -FINAL -SACRIFICE

ANIMk.L NO: 62(i PATHOLOGIST: NOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NFC.ROPSY RECORD: RELATED HISTOPATHOLOGY:

;URINARY BLA-DDER. Calculi In URINARY BLADDER- Concretion
Bladder

ANIMAL NO: 627 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANImaL NO: 628 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE. FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>71O OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 629 PATHOLOGIST: OI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NC, OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

Col elation oIf Gcrss & Micr-c:

PROJECT ID: 221-010 GROUP: CO SE: MALE DAYS: 145-145
PAGE 2

-FATES: F-INAL SACRIFICE

ANIMAL NO: 630 PATHOLOGIST: W0I
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 631 PATHOLOGIST: W0I
DAYS ON TEST: 145
ANiI•Lk FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 632 PATHOLOGIST: W0I
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 633 PATHOLOGIST: W0I
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

C! ek elat ion of GC ro s & Micro

PROJECT ID: 221-010 GROUP: CO SEX: MALE DAYS: 145-145
PAGE 3
FATES: FINAL SACRIFICE

ANIMAL NO: 634 PATHOLOGIST: OI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 635 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIM:AL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 636 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

Rý7RENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

.ýNO OBSLRVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 661 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

Co= relat ion otf G1ross & Mic r-c

PROJECT ID: 221-010 GROUP: C2 SEX: MALE DAYS: 145-145
PAGE 1
FATES: FINAL SACRIFICE

ANIMAL NO: 638 PATHOLOGIST: NOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 639 PATHOLOGIST: NOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)LUNG: Right Posterior, (Small NO COROLLARY CHANGE DETECTED
Foci)

>LUNG: Left Luna, (Small Foci) NO COROLLARY CHANGE DETECTED

ANIMAL NO: 640 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

Co -- xel .ionI of Gross & Micro

PROJECT ID: 221-010 GROUP: C2 SEX: MALE DAYS: 145-145
PAGE 2
FATES: FINAL SACRIFICE

ANIMAL NO: 641 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 642 PATHOLOGIST: WOI
DAYS 01 TEST: 145
ANIMAL FATE: FINAL SACRIFICE

RIERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>N0 OBSERVABLE ABNORMA.LITIES. NOT APPLICABLE

ANIMAL NO: 643 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REaERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

.)FAT: Abdominal Necrotic Fat FAT- Inflammation
Body, 0.2 x 0.2 x 0.1 cm

ANIMAL NO: 644 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>TESTIS: Right, Small, 0.3 x 0.2 No Section
x 0.1 cm
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

Ccrr.eltinc of Gross & Micx-o

PROJECT ID: 221-010 GROUP: C2 SEX: MALE DAYS: 145-145
PAGE 3
FATES: FINAL SACRIFICE

ANIMAL NO: 645 PATHOLOGIST: OI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

WNO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 646 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 647 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 648 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RFD PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

C>. r-.=l tio n o-i f G zoss & Micro

PROJECT ID: 221-010 GROUP: C2 SEX: MALE DAYS: 145-145
PAGE 4
-FATES: FIINAL SACRIFICE

ANIMAL NO: 673 PATHOLOGIST: W0I
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

Corre-3.a.tioni of Gross & Mi1r-co

PROJECT ID: 221-010 GROUP: C3 SEX: MALE DAYS: 145-145
PAGE 1

-FATS: . FINAL SACRIFICE

ANIMAL NO: 650 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 651 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 652 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 653 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD; RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

CD r---e r- .<-3 i on off GC;os 1 & Mi c: x-o

PROJECT ID: 221-010 GROUP. C3 SEX: MALE DAYS: 145-145
PAGE 2
rATES: FINAL SACRIFICE

A.NIMAL NO: 654 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL, FATE: FINAL SACRIFICE

REFERENCE To NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>No OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 655 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE To NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>KIDNEY: Flaccid NO COROLLARY CHANGE DETECTED

ANIIhtAr NO: ,Eo PATHOLOGIST; WOI
Z,•, ON TZ3T; 145
ANiMAL F'ATfE FINAL SACF: IFICE

REFErENCE 'C NFCI.OPSY RECORD: RELATED HISTOPATHOLOGY:

•UP.INARY BLAIDDER; Yellow Fluid In NO COROLLARY CHANGE DETECTED
Bladde"

ANIMAL NO: 657 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD; RELATED HISTOPATHOLOGY:

>KIDNEY: Dilated Pelvis; Flaccid NO COROLLARY CHANGE DETECTED
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THE EFFECTS OF SUBCHRONIC L-POSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(Rr/BR) COMBUSTION PRODUCTS
RECOVERY -,,CRIFICE GROUP

CGovve.atio r c) Gf oss & M r-co

PROJECT ID: 221-010 GROUP; C3 DAYS: 145-145
PAGE 3
FATES: FINAL SACRIFICE

ANIMAL NO: 658 PATHOLOGIST: OI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>PREPUTIAL GLAND; Abscess PREPUTIAL GLAND- Inflammation

ANIMAL NO: 660 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFEkRENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 685 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 692 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS

(7C>1'.l tio& of GC7oSr & M:LcrC

PROJECT ID: 221-010 GROUP; CO SEX: MALE DAYS: 71-125
PAGE 1
FATES: SPONTANEOUS DEATH

ANIMAL NO: 05 PATHOLOGIST: WOI
DAYS ON TEST: 71
ANIMAL FATE: SPONTANEOUS DEATH

REPERENCLE TC NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>}IEA.FT: Enlarged: F~irnm No Section

>LUNG. i)ark Red LUNG- Congestion

>LIVER: DaCk R1ed No Section

')ADPENAL: Enlarged, 0.4 x 0.4 cm No Section

>JEJUNUM: Moderately Autolysed No Section

>.[11tUM: Mod<t.•'aLly Autolysed No Section

ANIMAL. NO: 160 PATHOLOGIST: WOI
DAYS ON TEST: 125
ANIMAL FATE' 3PONTANEOUS DEATH

REF1ERENCL: IT NECROFS-Y RECOED. RELATe./ HISTOPATHOLOGY:

)1.V,4IDIBULA1R SALIV,\"V GLAND: Dark No Section
Red

., MANDIBU[.A.kR I'YMPH NODE: Dark Red No Section

>THYMUS: Mot,:led Dark Red No Section

>LUNG: Mottled Dark Red LUNG- Congestion

>LIVER: Dark Red No Section

>KIDNEY: Mottled Dark Red No Section

)ADRENAL: Red No Section

>$PLkSEN: Dark Red No Section
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THE EFFECTS OF SUDCHRONIC LXPOSUP0
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS

C1!-e -ti onri Q; G1 3sZ & Micr'

PROJECT ID: 221-010 GROUP: CO SEX: MALE DAYS: 71-125
PAGE 2
FATES: SPONTANEOUS DEATH

ANIMAL NO. 160 PATHOLOGIST: WOX
DAYS ON TEST: 125
ANIMAL FATE: SPONTANEOUS DEATH

REFERENCE TO NECROPSY RECORD; RELATED HISTOPATHOLOGY:

>INTESTINAL. TRACT: Slightly No Section
Autolysed

>CECUM: Gas Filled No Section

* >MESENTERIC LYMPH NODE: Dark Red No Section

>BRAIN: Slightly Autolysed No Section
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS

C7 o - --e l at Lc>xio of. Gr-os>s & Mi: -cro

PROJECT IDi 221-010 GROUP: C2 SEX: MALE DAYS: 107-107
PAGE 1
FATES : SPONTANEOUS DEATH

! ANIMAL NO: 172 PATHOLOGIST: N0I

DAYS ON TEST: 107
ANIMAL FATE: SPONTANEOUS DEATH

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

•' >THORACIC CAVITY: Pool Of Dark No Section
Red Fluid

>LUNG: Multiple Dark Red Areas- LUNG- Hemorrhage
Especially The Posterior Ends Of

SThe Right Posterior And LeftA
Lobes

S>HEART- Very Firm No Section

>KIDNEY: Softer" No Section

>URINARY BLADDERi Contained No Section
Calculi

>%CECUM: Moderately Bloated No Section
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS

3 C=-L tati on o Cf Grcss & Micr-o

PROJECT ID: 221-010 GROUP: C3 SEX: MALE DAYS: 51-78
PAGE 1
FATES: SPONTANEOUS DEATH

ANIMAL NO: 135 PATHOLOGIST: OI
DAYS ON TEST: 51
ANIMAL FATE: SPONTANEOUS DEATH

* REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>LUNG: Mottled Dark Red LUNG- Congestion

>LIVER: Dark Red No Section

ANIMAL NO: 186 PATHOLOGIST: WOI
DAYS ON TEST: 78
ANIMAL FATE: SPONTANEOUS DEATH

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>LUNG: Mottled Red LUNG- Congestion

>LIVER: Dark Red No Section

>STOMACH: Distended And Gas Filled No Section

ANIMAL NO: 331 PATHOLOGIST: WOI
DAYS ON TEST: 59
ANIMAL FATE: SFONTANEOUS DEATH

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>LUNG: Moderately Dark Red LUNG- Congestion

>LIVER: Dark Red No Section

)HEART: Firm No Section
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IIT PROJECT NU1:ER L06139
PHASE IV STUDY NO. 80

THE EFFECTS OF SUBCHRONIC EXPOSURES TO
RED PHOSPHORUS/BUTYL RUBBER (RP/BR) CQ4BUSTION PRODUCTS

ON VARIOUS BIOLOGICAL ENDPOINTS
IN KALE SPRAGUE-DAWLEY RATS

PATHOLOGY REPORT
ADDENDUM

Pneumonia virus of mice (P.:;) is a pneumovirus first described
in 1940. Recent studies have shown that it is of low
transmissability, even among animals housed together, and
extremely labile in the environment. Miost laboratory rodents,
including rats, are susceptible. The characteristic lesions
associated with the virus are an acute vasculitis which
develops into patchy interstitJ 7 pneumonia. Perivascular
and peribronchiolar accumulat.. of lymphocytes are also
present. Fibrosis at the term;. bronchiole, which is the
primary effect of RP/BR exposur-' has not been reported
with PV.,: infections. Therefore. the lesions produced by
PVM infection are separate and distinct from those which
were treatment-related.

The combination of lesions produced by PVM was also not
present in the twenty-two rats which died spontaneously
during the rtudy. Their death was not due to PVM infection.
Congestion and hemorrhage of the lung were the most common
findings in these animals. The cause of death in most of
these cases is not known but exposure to RP/BR may have been
a contributing factor.

Three animals which died spontaneously after day c1 had
erosions of the laryngeal mucosa with deposits of fibrin on
the surface. This fibrin probably partially obstructed the
larynx and may have contributed to the death of these three
animals. They were all in Group C3 and the lesion is con-
sidered related to RF/BR exposure.

W.O. Iverson, D.V.M.
Diplomate, ACVP

Best Nvallable COPY .
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Smi4t~h A.L., C'arrano, V.A., and Ercwnstein, D.G.,
ReCsponse of l.Oeanling Randorn-3red !.?.ice to Infection
with Fenumonia Virus of !,ice (FT4). Lab Anim. Sci.
34(l): 35-37, 198L. __- _

Vogtsber-.ýerLJ. Stromberg, P.C., and Rice, J.11.,
Hsolog-ical and Serolog-ical Resoonse of B C ~F M'ice

and r344 Rats to Experimental Pneum~onia ViruA ;1 M-ice
Infection. Lab Anim. '.'ci. 32(4): 419, 1982.

Hunt, R.D., Carlton, W.,and King, N.'1*0., Viral
Diseases in Patholo.7v of Laboratory Animals, Benirschke,
K., Garne, .m, ani Jones, T.C. ito~rs. Springer-
Ver.lan-, "Iew. Yorik7, 1?7W, p. 1321.
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EPL
EXPERIMENTAL PATHOLOGY LABORATORIE.S. INC.
1800 EAST PERSHING ROAD. DECATUR. ILLINOIS 62526 (217) 875-3930

September 17, 1985

Ms. Catherine Aranyi
LIT Research Institute
10 West 35th Street
Chicago, IL 60616

Dear Catherine:

Please find enclosed a recent article about the Von Kossa stain
we used on some of the lung sections for your Project Number
L06139. Von Kossa is apparently not specific for calcium, but
will stain phosphates and carbonates or organic material in
general. I suggest that we do some staining with Alizarin Red S
which is specific for calcium on our next batch of lung tissue.
We will work up a per slide cost for you if you would like. It
would, of course, be done on a selective basis.

Best Regards,

W.O. Iverson, D.V.M.

WOI/'jcs
Enclosure
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Chemical Mechanisms of Staining
Methods
Von Kossa's Technique: What von Kossa Really Wrote

and a Modified Reaction for Selective Demonstration of
Inorganic Phosphates

Susan N. Meloan, HT IASCP), and Holde Puchtler, M.D.

Abstract Terminology - The term "calcium deposits" will be
It is generally believed ,ha- in von Kossa's technique used in the morphologically descriptive sense without

silver cations react with phosphates and carbonates in any chemical implications. Such deposits are known to
calcium deposits and are then reduced to black metallic contain organic matter and probably cations other than
silver by strong light. Perusal of von Kossas paper calcium.
show.d that he was aware of signiticant differences be-
tween: reactions of siiver phosphate in vitro and in Historical Review
calcium deposits. He regarded only the yellow coiora- Early chemists knew that alkali carbonates and
tion of calcium deposits during earky stages of the reac- organic compounds reduce silver nitrate to black
tion as diagnostic for calcium phosphate and ascribed metallic silver, but silver phosphate remains yellow.1
the blackening to organic matter. Efiorts to prevent this During much of the 19th century silver nitrate was
blackening were unsuccessful. Von Kossas experiments prescribed for internal use in the treatment of various
were reproducible in our hands. Further studies showed diseases. The reduction of ingested silver to metallic
that bright light. generally regarded as essential for von silver caused gray to bluish-black discoloration
Kossa's reaction, only causes the irreversible blackening (argyria) of skin.' s light was not necessary for reduc-
of organic matter that masks the vellow silver phos- tion. Virchowl described blue-black coloration of renal
phate. Wlhen the reaction is performed in subdued light. glomeruli and interstitial collagen. Riemer" found black
yellow to yellowish brown silver phosphate is visualized silvered connective tissue fibers in many organs and
sedectivelv. Silver carbonate dissolves in thiosuliate and arteries, except in central nervous tissue.
cannot be demonstrated with von Kossa s technique. In 1844 silver nitrate was introduced into histology

for blackening of cell borders of epithelium.' This
technique is still used in arteriosclerosis research for

Introduction visualization of cell borders of encdothelial cells, though
In discussions of von Kossa's technique. it is usually it has been the subject of much controversy since the

stated that silver cactions react with phosphates and 1860's. Harpeck,' Hartmann'0 and Schweigger-Seidel"
carbonates in calcium deposits and are then reduced to regarded the supposed cell borders as artifacts: similar
black metallic silver by light or a photographic patterns were obtained on substrates that lacked cells,
developer. During histochemical studies of this reac- e.g., collodium films.23" 3) Histochernical studies
tion.' it became clear that von Kossa's' concepts have showed that silver was reduced by proteins and alkali
not been rendered correctly in recent histochemical and chlorides in tissue sections.' 0 Is 2, This process could be
histological treatises. In contrast to current hypotheses, speeded up by exposure to light." " These studies were
von Kossa's- interpretation of his observations was carried out on fresh tissues: fixation and other reagents
based on chemical data and contemporary silver tech- interfered with the reduction of silver nitrate.'
niques. Since this knowledge is no longer readily avail-
able, major findings will be reviewed briefly. Von Kossa's Studies

Von Kossa' investigated experimentally induced
FGAro calcifications in kidneys. Chemical analyses demon-

Submittrdr tot publication April 2e 1984 accted lune = 1984 strated calcium phosphate in such lesions, but required
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destruction of tissues. Special stains for calcium were to yellow silver phosphate crystals, the whole solution
not yet available. Von Kossa. therefore, searched for a became dark brown to blackish, as described by von
histochemical technique. In in ,itro experiments, silver Kossa.: However. examination of smears of such
nitrate solutions colored ^calcium phosphate crystals material by polarization microscopy demonstrated vir-
yellow without dissolving them. Von Kossa" then tually colorless crystals embedded in an amorphous
treated tissue sections with silver nitrate and obtained brownish mass. Apparently, the protein solution did
yellow coloration of deposits. Further chemical tests not reduce the silver phosphate to black silver, but
proved that the reactive material was indeed calcium available silver cations reacted with proteins, imparting
phosphate. However, the yellow color in tissue sections a deep brown to black coloration. This process is
was not permanent. but changed to gray and black. In analogous to familiar reactions when silver nitrate is
this respect, calcium deposits in tissues differed from spilled on skin or clothing and produces black discolora-
calcium phosphates in in vitro experiments: silver phos- tion without the benefit of calcium phosphate. Accord-
.hate formed in the !atter retained its bright yellow col- ing to Lillie"', the same reaction is given by soaps.
or for days and was not reduced by exposure to light. In Studies of Tissue Sections - Because strong light is
vitro blackening could be obtained by addition of egg required for blackening of silver by organic material.
albumen or solutions containing proteins. Von Kossa-. but is not necessary for formation of yellow silver
therefore, concluded that calcium deposits in tissues phosphate. it seemed sensible to perform von Kossa's2

contain organic material that can reduce silver. reaction in the absence of strong light. Four series of sec-
However. he regarded only the yellow coloration. tions were placed in a 2% aqueous silver nitrate solution
observed in early stages oi the reaction, diagnostic for for one hour. Series I was exposed to sunlight as recom-
calcium phosphate. This precise che.,ical distinction mended by textbooks. Series II was kept in a shaded
was overlooked b% later authors and has apparently area of the laboratory. Series III was placed in a dark
been los" from ca'rren* literature. cabinet, and Series IV was wrapped in aluminum foil to

CGearly. von Ko-sas- technqcue :s a two-step reac- exclude light. Sections were then rinsed in distilled
tion. In 'he first step. siver cations react with comn- water. placed in a 5% aqueous solution of sodium
ponents of calcium deposits. In the second step. bound thiosulfate for five minutes. rinsed in distilled water,
silver is reduced to black metalhic siiver by organic dehydrated, cleared and mounted as usual. In duplicate
material with the aid of light or by protographic series, treatment with sodium thiosulfate was omitted.
developers. Traditionai histolozical procedures do not Without exposure to sodium thiosulfate, sections
record the yellow coioration during eariv s:ages of the from all four series contained black calcium deposits:
reaction. and it is ,mpossibie to dis-inguish in the final i.e.. reduction to metallic silver occurs also in the
black product between siiver bound to phosphates and absence of light. These findings confirm observations by
silver bound direct!,,- by other material. Pizzoiato and McCrory..0 After treatment with sodium

ZiIP" searched unsuccess.uily for methods to prevent thiosulfate. only sections of Series I. which had been ex-
blackening of silver in yon Kossa s: reacticn. Apparent- posed to sunlight, contained black material. In the other
iy, this problem was not soived during the following three series, the black coloration had vanished. Calcium
decades. We. thereiore. reinvestigated von Kossa's: and deposits varied from yellowish brown to yellow to col-
Zill's:" work.! orless: the latter could be identified by their refringence.

There was no significant difference between Series II, 11
Histochemical Studies and IV. Thus, staining jars can be conveniently placed

In Vitro ExverzmentS - Addition of silver nitrate in 3 shady comer of the laboratory: special precautions
solutions to reagen! grade cakcium carbonate and to exclude light are not necessary. Treatment with
calcium phosphate yielded white silver carbonate and sodium thiosulfate is essential to remove black material
yellow silver phosphate. The former became deep gray and to prevent gradual darkening of tissues. No darken-
when exposed to sunlight for 1.5 hours. In contrast. ing has been observed in sections stored for approx-silver phosphate remained yellow during exposure to imately 15 years.

strong light on i sunny window sill for several days. In- The yellow to brownish-yellow color of many
terestingly, silver carbonate prepared from the sodium calcium deposits in Series II, III and IV corresponds to
(No) salt became deep brown in dim light and black in that of silver phosphate in in vitro experiments; other
strong illumination: i.e.. von Kossa's reaction does not tissue structures remain unstained. Thus, the modified
necessarily indicate calcium salts. von Kossa's reaction can be regarded as a histochemical

Because tissue sections are treated with sodium test for phosphates. However, the reaction seems to be
thiosulfate (NaS:O,) to remove unreacted silver, this limited to inorganic phosphates; nuclei and other sites
reagent was added also in in vitro experiments. Silver known to contain nucleic acids are colorless, and it can-
phosphate was unaffected and remained yellow, but not visualize carbonates. As already mentioned, silver
blackened silver carbonates dissolved in sodium carbonate is soluble in sodium thiosulfate.1 Von
thiosulfate. This observation is io agreement with Kossa's technique and its modifications are not reac-
chemical data by Hodgman et a]." It seems probable tions for calcium. Part of the phosphates in calcium
that silver carbonates in calcium deposits are also sub- deposits may be associated with cations other than
ject to the laws of chemistry and dissolve in the sodium calcium, therefore, reactions for calcium (for example,
thiosulfate bath. Alizarin Red S) and for phosphates may not always

Upon addition of solutions of egg albumen or gelatin yield identical pictures, e.g., in arteriosclerotic lesions."

12 Chemic•l Mechanisms of Staining Methoos/Meloan 6t at
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Furthermore, chemical studies of calcification indicate 19. Lillie RD! Histor'athologic Technic and Practical Histochemnistrii,
0 that calcium is deposited first; phosphates appear some 0.3rd Edition. New York. Blakiston -McGraw-HiIll 1965.

2,Pitzolato P and McCrory P: Light influence on von Kossa's silvertime later." calcium reaction. I Histochfm Cy.tochevn 10.1021. 1962.
21.ý Puchtier H. Meloan SN. and Terry MS. On the history and

mechanism of alizann and alizarin red S stains for calcium: I
ConclusionHistochem Cvtochen 27~120-124. 1969.Ason mphsi zed a2ed2yvnKss, h lc . Heelev ID an .d Irving IT: A comparison of histological methods

As ephaize aiead. b vonKosa,- th blck, for demonstrating calcification, Calcif Tissue Res 210:e-173.deposits formed in his reaction are due to reduction of 1973.
silver by organic material. This artifact occurs only
when sections are exposed to strong light as recom-
mnended in textbooks. When von Kossa's reaction is car-
ried out in subdued light, yellow to yellowish-brown
silver phosphate is visualized selectively. Silver car-

___bonate-cannot - be- -demonstrated with von Kossa's-
technique because it dissolves in sodium thiosulfate
solutions. Phosphates and carbonates in calcium
deposits may be associated, at least in part, with cations
other than calcium. Calcium can be identified with
Alizarin Red S or other suitable mordant dyes.
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GROSS NECROPSY OBSERVATIONS

IITRI PROJECT NUMBER L06139

PHASE IV STUDY NO._ 82

THE EFFECTS OF SUBCI1RONIC EXPOSURES TO

RED PHOSP11ORS/BUTYL RUBBER (RP/BR) COMBUSION PRODUCTS

ON VARIOUS BIOLOGICAL ENDPOINTS

IN MALE SPRAGUE-DAWLEY RATS

A summary of gross observations seen at necropsy in animals on

this study follows:

Table 1 Terminal sacrifice animals

Table 2 Recovery sacrifice animals
Table 3 Spontaneous death animals

Examination of Tables 1, 2, and 3 fails to reveal a dose
dependent compound induced lesion. All gross lesions seen are

interpreted as incidental findings or agonal changes.

Allen Hall, II1, D.V.M.,

Diplomate, ACVP

Date
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IITRI PROJECT NUMBER L06139
PHASE IV STUDY NUMBER 82

THE EFFECTS OF SUBCHRONIC EXPOSURES TO LOW CONCENTRATIONS OF
RED PHOSPHORUS/BUTYL RUBBER (RP/BR) COMBUSTION PRODUCTS

ON HISTOPATHOLOGICAL CHANGES IN THE LUNGS AND ON
PULMONARY BACTERICIDAL ACTIVITY OF MALE SPRAGUE-DAWLEY RATS

FINAL SACRIFICE, RECOVERY SACRIFICE, AND TWO MORTALITIES

PATHOLOGY SUMMARY

Microscopic examinations were performed on selected tissues from male

Sprague-Oawley rats. The-purpose of this study-was to-evaluate the-effects --

of exposure concentration and recovery time of the repeated exposure of

rats to combustion products of Red Phosphorus/Butyl Rubber (RP/BR) on

histopathological changes in the lungs and on pulmonary bactericidal

activity. This report contains the histopathologic findings for the

terminal sacrifices, recovery sacrifices, and two animals which died

spontaneously. The experimental design for this study was as follows:

I Freq/ ! I I I
T.G. I Start ! Endpt.! Expo. ! Expo. ! I Exposure 1 Exper.! Animal
No. I Code Group.. FreQ. 1 Conc. ! Recov. I Start End I Date I Numbers

17 !! PATH !F2 ICO I " !8/12 11/7 11/8 !337-346
18 !1 !PATH! F2 C1 I 8/12 11/7 !11/8 !347-356
19 1 I PATH F2 IC2 I " !8/12 11/7 11/8 ! 357-366
20 1 PATH !F2 1C3 I " !8/12 11/7 ! 11/8 ! 367-376

21 ( 1I I PATH I F2 I CO 1 " I 8/19 11/14! 11/15 ! 377-386
22 fI PATH F2 C1I ! 8/19 11/14! 11/15 ! 387-396
23 11 I PATH I F2 1 C2 I! 8/19 11/14! 11/15 ! 397-406
24 I I 1 PATH I F2 ! C3 1 " I 8/19 11/14! 11/15 I 407-416

25 I-P PATH F19 I CO I + ! 8/12 11/7 ! 1/2 1 417-426
26 !I-R ! PATH !F2 ICI ! + ! 8/12 11/7 ! 1/2! 427-436
27 I-R ! PATH IF2 IC2 I + ! 8/12 11/7 ! 1/2 1 437-446
28 I I-R 1 PATH I F2 I C3 + 1 8/12 11/7 ! 1/2 ! 447-456

29 I 11-R PATH I F2 I CO I + ! 8/19 11/14! 1/9 ! 457-466
30 1 1I-R I PATH I F2 I CI I + ! 8/19 11/14! 1/9 ! 467-476
31 II-R I PATH I F2 I C2 I + 1 8/19 11/14! 1/9 ! 477-486
32 1 (I-R I PATH I F2 I C3 I + 18/19 11/141 1/9 ! 487-496

T.G. NO. = Treatment group number

All animals were exposed for 2.25 hr/day on four consecutive days per week.
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Doses administered were as shown below:

CO = Filtered air control
C1 = 0.05 mg/l
C2 = 0.18 mg/l
C3 = 0.30 mg/i

The animals sacrificed on 11/8/85 and 11/15/85 were designated the

final sacrifice. Animals sacrificed on 1/2/86 and 1/9/86 were designated

the recovery sacrifice. Animals 323 and 311 were not part of the

designated evaluation group but did die and are reported here.

Complete necropsies of all rats designated for pathology were

conducted. The following tissues were processed to paraffin blocks for all

animals which died or were sacrificed and designated for pathology: one

level of nasal turbinate, trachea, pulmonary lymph node, lung and gross

lesions. All five lobes of the lung were processed and examined. All

paraffin blocks were then shipped to Experimental Pathology Laboratories,

Inc. where hematoxylin and eosin stained slides of these tissues were

prepared and examined for all even animal numbers. All odd animal numbers

had all blocks except the nasal turbinate and trachea sectioned and

examined. Additional lung sections from all animals were stained with

Masson's trichrome stain for demonstration of collagen.

RESULTS

The microscopic changes and a detailed listing of all tissues

evaluated are presented in the Histopathology Incidence Tables. All

lesions are summarized by treatment group and presented in the Summary

Incidence Tables. A correlation of lesions observed at necropsy with the

corresponding microscopic observation, where possible, is presented in the

Correlation of Gross and Microscopic Findings Tables. The gross

observations in these tables were transcribed from the necropsy sheets
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provided with the paraffin blocks. Animal dispositions were listed as

final sacrifice or spontaneous death as they were indicated on the necropsy

sheets,

The primary treatment-related change seen histologically in this study

was in the lung and was diagnosed as "terminal bronchiolar fibrosis". The

lesion consisted of minimal thickening of the alveolar walls and of the

most distal portions of the terminal bronchioles at the point where the

terminal bronchiole ends- and joins -the- alveolar sacs. The thickening

consisted of a heterogenous eosinophilic material containing small numbers

of cells. This material stained positively for collagen with Masson's

trichromt- stain, The incidence of this lesion is shown in the following

table:

INCIDENCE OF TERMINAL BRONCHIOLAR FIBROSIS

Number of Animals
....Fi nal' Sacrif'e Recovery Sacrifice

Severity Group: CO C1 "C2- _ 3 l C CI3

Minimal Grade 1 01/20 0/20 4/20 9/20 0, 20 0/20 3/20 4/20

Other changes in the lung were usually minimal or absent altogether.

Some animals had small numbers of alveolar macrophages but they were

usually not associated with the terminal bronchiolar fibrosis. Minimal to

mild lymphocytic hyperplasia occurred in many of the animals, both treated

and controls, Other changes were relatively infrequent.

Two animals which died spontaneously were submitted for examination.

Animal 323 had chronic hemorrhage and congestion of the lung. Animal 311

had a histocytic sarcoma on one leg, which was probably contributory to its

death.
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CONCLUSION

The results of these microscopic examinations indicate that the

exposure of male Sprague-Dawley rats to the combustion products of RP/BR

for 2.25 hr/day for four consecutive days per week produced minimal

termninal bronchiolar fibrosis in less than 50% of the animals after three

months of exposure at 0.30 mg/l and less than 25% of the animals after

three months of-exposure at 0.-i8 mg/i-. -The lowest dose, 0.05 mg/l-,-appears

to be a no-effect level. Following an eight-week recovery period there Is

a decreased incidence of the lesion, but it still is present. There were

no other changes found in the tissues examined that were treatment-related.

W.O. I verson, D.VA..
Diplomate, ACVP
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SUMMARY INCIDENCE TABLE

L06139 PHASE IV

STUDY NUMBER 82

FINAL SACRIFICE

GROUP: CO CI C2 C3

IASAL TUURBRINATE

NumbmeiEx4i n(10) (IO) (10) (10)
Hemorrhage 0 0 1 1
Eoisinophilic Globuies 0 _0 0 0

TRACHEA

_Number Examinedfl (10) (10) (I (10) __•

PULIMIONARY LY[¶PH NODE

(Number ExaninedL _(20) (20) (20) (20)

Hemorrha ___e 13 7 7 11

L~nmphogyvtic Hyperpl asia 4 2 2 1

_P iq ent 4 4 7 3

E e .. . . . .0 4 4 1

LUNG

(Number. Examined) (20) (20) (20) (20)

Atelectasis 6 7 7 5

Hemorhage -_ 4 ,7 7 8
Focal m 3 3

Alveol a r Macropha__s .1 3 2_ _

Interstitial Inflammation 0 1 0 0

Terminal Bronchiolar Fibrosis 0 0 4 9

Eosinophilic Infiltrate. _- 0 0 0

Mineral ization ____ 0____ 0 0 0 0

EPi2
E [xper~menI3Il Patholo•\ i.abo'.rHori". 1n - 232



SUMMARY INCIDENCE TABLE

L06139 PHASE IV

STUDY NUMBER 82

FINAL SACRIFICE .....

GROUP: CO Cl C2 C3

- K IDNEY -. . . . . . . . . .

(Number Examined) _.3) (2) C 1) (2) ..

Hyalire Casts 2 2 1 2

Tubular Hyperplasia 2 0 0 1
. _yst 0 0 0 1

TESTIS

(Number Examined) .. 0__) _I) 0O) (O)

Hemorrhage 0 1 0 0 _

SALIVARY LYMlPH NODE _____

(Number Examined) 11. L) LO) LO) 0O)

Hemorrhage 1o. 0 O. 0

Lymphocytic Ilypernplasia 1 0 0 0
Pigment 0 0 00

LLY L__
(Number Examined) (O) (O) O) (O)

Hyperplasia 0 _ n - ____0

HEART .....

(Number Examined) () 0)OJ L ID 0O) _.1-

LACRIMAL GLAND.

(Number Examined) L) 0) 0O) 0O)

Inflammaticn 0 0- 0 0 .

PREPUTIAL GLAND _

(Number Examined) (0) (0) (0) (0)

Abscess 0 ,] 0 0

E PLI

E xperimental Patholoo Laboratori•, I 233



SUMMARY INCIDENCE TABLE

L06139 PHASE IV

STUDY NUMBER 82

FINAL SACRIFICE

GROUP: CO C1 C2 Q3

SALIVARY GLAND .. _ - - _

(Nu~jmker- Examinoed) 0 . ) 0) 0) 0)}

IEPL
- Fxprirerm ntal Patho~o•,,\ Laborator,',. I1 234



SUMMARY INCIDENCE TABLE

L06139 PHASE IV

STUDY NUMBER 82

RECOVERY SACRIFICE

- GROUP: -CO- C1 '- C2 C3 - _ _

NASAL TURB INAT.E

-(Number Examined) (10) (10) (10) (10)

Hemorrhage 0 1 1 0 .,__

Eosinophilic Globules 1 2 3 4

TRACHEA

(Number Examined) (10) (10) 0I0) (00)

PULMONARY LYMPH NODE

(Number Examined) (20) (20) -. (20)

Hemorrhage 13 6 3

Lymphocytic Hyperplasia 15 10 11 13

Pigment_.... 3 2 3 6

Edema 3 4 2 0

•LUNG

(Number Examined) (20) (20) (20) (20) ..

Atelectasis 7 10 5 7 _

Hemorrhage . , 4 3 6, i

Focal Lymphocytic Aggregate 5 3 0 4

Alveolar Macrophages 2 3 4 5

Interstitial Inflammation 0 0 2

Terminal Bronchiolar Fibrosis n 0 3 ,4

Eosinophilic Infiltrate 3 0 0

,Mineralization 0 3 .2

EPI
S!~~ [xetm-n Pdt hoflu)• L,•.boral:(r ., I 235



SUMMARY INCIDENCE TABLE

L06139 PHASE IV

STUDY NUMBER 82

RECOVERY SACRIFICE

GROUP: CO Cl C2 C3 __ _ - -

KIDNEY __

(Number Examined) (0) (0) (0) (1)

Vajine Casts 0 0 0 1
Tubular Hyperplasia 0 0 0 1

Cy st 0 0 0 0 _ I_ _

TESTIS

(Number Examined) O (0) (0) (0)

Hemorrha e 0 0 _ 0 0 _

SALIVARY LYMPH NODE --

(Number Examined) L(L2) LL) . O) __

Hemorrhage _ 2 1 0

Lmvmhocyit cXH.er~Pasia L . 2 0 1

Pigment 1 L 0 0

LIVER _ __
(Number Examined) 0I () () ()x........ .. QL....~ I C 0)

(Number_•mnd () ) () (O

LACRTMAL G, A•In I I
(Number Examined) .L 10 ..L )0 ( 1) J(0) ill__)

___1__na io 0 0 1 0 __ _ __ _ _ _ _

PREPUTIAL GLAND _

Number 'Examined) ( o)) ) ( o) (.) 1
At.__-,_ _ _ . 0 0- 1D I

EPL

f_ 'r)wrrm enml Pdthr)h& v- Laborol,,ra f , I" 236
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SUMMARY INCIDENCE TABLE

L06139 PHASE IV

STUDY NUIBER 82
RECOVERY SACRIFICE

GROUP: CO Cl .- C2 C3 - - -

SALIVARY GLAtD . ....... _ _ _

(Number Exami ned4) L0.).. • J 0 ) (_)

I P L

a [In2____ ___ ___ ___ ___ ___ ____ ___ ___ ___ ___I - ____________ ___ ___

_ ____._ _

EPI

[F e~mna Pat holoi>, L r)orHu7 r, In- 237,
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IITRI PROJECT NUMBER L06139
PHASE IV STUDY NUMBER 82

SPONTANEOUS DEATHS

HISTOPATHOLOGY REPORT

TISSUE FINDING

ANIMAL-NUMBER-323

LUNG Congestion, Moderate
Pigment, Mild
Atelectasis, Mild
Alveolar Macrophages, Mild

PULMONARY LYMPH NODE Hemorrhage, -Moderate

Pigment, Moderate
HEART Normal
SPLEEN Pigment, Mild
PANCREAS Hemorrhage, Moderate
SALIVARY LYMPH NODE Congestion
KIDNEY Hyaline Casts, Mild
THYMUS Lymphoid Depletion, Moderate

Pigment, Moderate
Hemorrhage, Mild

TEST'S Monnaal
PROSTATE Normal
SEMINAL VESICLE Normal
STOMACH Normal
DUODENUM Congestion, Minimal
JEJUNUM Autolysis
ILEUM Autolysis
CECUM Autolysis
COLON Autolysis
ADRENAL Congestion, Mild

ANIMAL NUMBER 311

LUNG Congestion, Minimal
PULMONARY LYMPH NODE Lymphocytic Hyperplasia, Minimal
LIVER Normal
HEART Normal
SPLEEN Congestion, Minimal
KIDNEY Tubular Hyperplasia, Minimal

Hyaline Casts, Minimal
TISSUE MASS Histiocytic Sarcoma
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APPENDIX B

IN VITRO GENETIC TOXICOLOGY TESTING OF RP/BR AEROSOL CONDENSATE

FINAL REPORTS

Prepared by

ROBERT R. GUERRERO

AMES SALMONELLA TYPHIMURIUM REVERSE MUTATION ANALYSIS OF AN EXTRACT
OF RED PHOSPHORUS/BUTYL RUBBER AEROSOL CONDENSATE

CHROMOSOME ABERRATION ANALYSIS OF AN EXTRACT OF RED PHOSPHORUS/BUTYL
RUBBER AEROSOL CONDENSATE

DNA REPAIR ASSAY IN PRIMARY RAT HEPATOCYTES ON AN EXTRACT OF RED
PHOSPHORUS/BUTYL RUBBER AEROSOL CONDENSATE
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FORWORD

These final reports on studies entitled "Ames Salmonella typhimurium

Reverse Mutation Analysis of an Extract of Red Phosphorus/Butyl

Rubber Aerosol Condensate", "Chromosome Aberration Analysis of an

Extract of Red Phosphorus/Butyl Rubber Aerosol Condensate", and DNA

Repair Assay in Primary Rat Hepatocytes on an Extract of Red

Phosphorus/Butyl Rubber Aerosol Condensate" were prepared by Robert

Guerrero, Genetic Toxicologist. Methodology and personnel needed to

generate the RP/BR aerosol from which the "RP/BR Condensate Test

Article" for the genetic toxicology tests was produced were provided

through the main study. The work was supported with additional

funds provided under the main contract (No. DAMD17-82-C-2121)

specifically for these studies.

Catherine Aranyi
Scientific Advisor
Inhalation Toxicologist
Principal Investigator
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FINAL REPORT

AMES SALMONELLA TYPHIMURIUM REVERSE MUTATION ANALYSIS OF AN EXTRACT
OF RED PHOSPIHORUS/BUTYL RUBBER AEROSOL CONDENSATE

___IITRI Project No. L06139L001
Study No.81A

May 1985
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The purpose of this study was to assess the mutagenic properties of
an extract of red phosphorus/butyl rubber condensate and to determine
the influence of pH on the mutagenic response. The study covers
protocols No. SN81A USA-01 and USA-02.

Red phosphorus butyl rubber (RP/BR) aerosol condensate is about 95%
phosphoric acid. Therefore, addition of even-smal-I amounts-of -the agent --.

-to the-bacterilal cultures constitutes a severe pH chal lenge to the
organl sins.

In a recent workshop on the effects of low pH and high salt
concentrations on genotoxicity In /lfrD (EMS workshop, Las Vegas,
Ne,,sda, February 1985), it was reported that low pH and high osmolality
cc tions can Induce false positive results in In vtr_. systems.
Thut efore, a prel Iminary round of testing was done with phosphoric acid
alone to determine the pH range the 5S, ±. hb.LmurJ..u1 bacteria would
tolerate and to determine whether low pH alone would Induce false
positive results and finally whether neutralizing the acid to pH 7.0
with sodium hydroxide would cause a false positive response due to the
Increased osmolality. Subsequently the RP/BR test article was tested at
pH 1.9, 6.0 and 7.0 with phosphoric acid pH controls for the three
doses. The USA-01 (RP/BR) sample and the H1P0, controls were
diluted with distilled water (pH 6.2) to achieve H rather than use of
NaOH as In the dose range finding study. However, since the water's pH
was 6.2, a nominal amount of NaOH was used to raise the pH from 6 to 7
for the pH 7 dose. Use of H 0 Instead of NeOH to adjust pH tested the
osmolal Ity variable. This siudy design enabled us to control all the
known variables yet still assay the test article (USA-Cl) at the maximal
dose.

The Ames test is an .In xY1±Q test that detects mutagens by their
ability to cause base-pair and fromeshift mutations. Five mutant
auxotrophlc strains of anlwnsi±a ItypbJsuur:.um, deficient in the enzymes
necessary to synthesize histidine, are used to measure DNA damage. The
test measures point mutations at the hIstidine locus which revert the
strains back to the prototrophic forms. As such, they regain ability to
synthesize histidine and can grow In histidine deficlent medium.
Therefore, a test article's mutagenic potential can be determined by the
number of revertants that form following exposure to it. When coupled
wl t h a rat liver microsomal fraction (S-9), the system simulates ID J1B J.
metabol Ic ac+lvatlon and detoxification pathways. As such, the assay
provides a sensitive, fast and relatively Inexpensive system for
screening mutagens.
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2.. DATA A•L•iL3

A test was considered positive If the number of revertants was >2X
the spontaneous background level.

8. TesI Ar'.L££ IUS.~Az1L)_i RP/BR was generated by burning RP/BR in
a hydraulic driven extrusion-combustion generator on February 12
and 13, 1985. The extrusion/burning rate was adjusted to producS a
final concentration of approximatel y 1 mg/I Inside a 1 m
stainless steel Inhalation chamber. The aerosol was collected 3 by
condensation In liquid oxygen cooled Dewar traps from 9x10
liters of aerosol. The sampling rate was approximately 10
liters/min for a residence time in the traps of 30 seconds. The
traps were opened and the Inner walls were rinsed with 30 ml of
methylene chloride (MC). The traps were drained into a 1 liter
glass separatory funnel and th.e MC and the aqueous fractions were
separated and transferred to 200 ml graduated cylinders. This
procedure resulted in approximately 150 ml MC fraction and 105 ml
aqueous fraction. The MC was driven off to dryness with a stream
of dry nitrogen. The resultant yellow residue was dissolved In 2
ml DMSO.

The aqueous phase was transferred to a 150 ml round bottom flask.

The aqueous sample was concentrated over a 2-day period to 7 ml

with vacuum pressure delivered by a mechanical vacuum pump equipped
with a liquid nitrogen cold trap. A 0.0304 g sample of the viscous
yellowish-brown liquid was diluted to 100 ml with distilled water
and three al iquots were analyzed for phosphate content. The
resultant phosphoric acid concentration was determined to be 90.6%
by weight.

For genotoxicity testing, the remaining aqueous fraction (5.64g)

was combined with the 2 ml of DMSO MC extract and the mixture was

diluted to 14 ml with ASTM type 1 water on February 19, 1985. The
dilution was made to provide enough sample for three In Yttzo

assays. The test article was stored at room temperature protected

from light In a sterile pyrex glass tube. The density of the test

article was 1.16 g/ml.
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Conc.
£tMpnQLn PA Sala" Sal~mio i~vLA11±s).

TA98 2-Nitrofluorene (2NF) Aldrich NI1, 675-4 DMSO 10
_ TAIO0 Sodium Azide (NAZ) Trl--dom-71290 H 2  ---- 1-0-- -

TA1535 Sodium Azide (NAZ) Trldom 71290 HNO 10
TA1537 9-Amlnocridine (9A) SIGMA A0510 E hanol 100
TA1538 2-Nltrofluorene (2NF) Aldrich NI, 675-4 DMSO 10

Conc.

All 2-Anthramlne '.) Aldrich A3,880-0 DMSO 10

Conc.

All 1.87 Baker 1-0260 Distilled water 100
All 5.90 Baker 1-0260 Distillled water 100
All 6.95 Baker 1-0260 Distilled water 100

OIzt1llllsd X.nfr- Q~j2r-D1

All 6.9 DIFCO 100
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The .jAIm~Dj11 typhmar-urmg strains used In this study were
TA98, TAIQO, TA1535, TA1537 and TA1538. The strains were
obtained from Dr. Bruce Ames In October 1975. All strains
are histidine deficient variants of the prototrophic wild
type. Strains TA1537,, TA1538 and TA98 detect f rame shift

-----reverse -muta-t-ions--at-the-h-i,-sti-di-ne--l-ocus--and-T-AI-5-35--and--TA1-OO- ----
detect base-pair substitution reverse mutations at the same
locus. Stock cultures were grown and checked to confirm their
mutational characteristics on September 12, 1980. The stocks
were stored frozen at -70*C In nutrient broth/DMSO.

Strain Gene 64.~.1±12n~ul hu±n±J.D= Mutation Type

TA98 h"L D r~t.a U&r- 8 pKM1O1 Fraiveshift
TAI00 b~z G nIja "ur- B pKM1O1 Bese-pair

substitluti on
TA1 535 b~z G Lna uxr- B -- Base-pair

substi tuti-on
TA1537 hi-fi C rfa "&r B -- Frameshift
TA1 538 h"~ D rfa ixr- B -- FrameshIft

21. Un~imnaswz Es.a~rsl~n Rz~es

W Occurrence of spontaneous revertants was used to assess tester
strain response. For the test to be considered valid, the number
of spontaneous revertants had to fallI within the range
characteristic for each strain.

Al lowable

T A9 8 20-50
TAI00 120-200
TA1 535 10-35
TA1 537 3-15
TA1 538 15-35
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a. £xrne£menI~1 D The test arti cl e was tested for
toxicity against SA.ohjmnm.1,.a tester strain, TA98J both with and
without S-9 prior to the mutagenicity test. The results of
the toxicity test were used to establ ish the dosage range for
ihe mutagenIcItg assay. For the mutagenicity test, the test
article and 10 colony forming units (cfu) tester bacteria

-- were --comb-i-ned--and--poured- over--r Iin-imal- -agar----pl-ates- --and -- after-
Incubation at 37*C for 2 days histidine revertants were
scored. Appropriate solvent and positive mutagens served as
controls. Mutagenicity tests were performed using triplicate
plates for each tester strain, with and without S-9, at each
dose level. Sterility tests were performed on each test dose,
as well as on the minimal medium, S-9 product, S-9 mix and
overlay agar. The steri Iity tests were done on the same day
the test was performed and under the same Incubation and time
condi tions.

b. Dl.Quas £frmJuA±ou-ns1 For the toxicity 'est a 100 mg/ml
stock solution was made by diluting 0.216 ml (250 mg) of the
test article to 2.50 ml with distilled water. For the
mutagenicIty test a 50 mg/ml stock solution was made by
diluting 0.432 ml (500 Ing) of the test article to 10 ml with
distilled water.

The dose levels tested for toxicity were 5.0 Ing, 2.5 mg, 1.25
mg, 0.50 mg, 0.05 mg and 0.005 mg per plate.

The dose levels tested for mutagenicity were 2.5 mg (pH 1.90),
0.119 ug (pH 6.0) and 0.119 ug (adjusted to pH 7.0 with 0.1 N
NaOH) per plate.

c. Cheimala ijan dllnv a" PraJr[llon: Upon receipt of the
test and control articles, the date of receipt and quantities
were recorded and a reference sample was taken. Liquid test
articles were measured by weight. All test and control
substances were freshly prepared the day of use and were
blended by vortex mixing for 1 minute. The control compounds
were stored according to manufacturers' recommendations
regarding temperature, humidity and protection from light.
Dilutions of test and control compounds were prepared in
distilled water, ethanol (USl) or Spectr-AR" grade
(Mal I inckrodt) dimethylsul foxlde (DMSO) and were used In the
plate assay within 1 hr of preparation. Unused pyrex glass
tubes were used for preparing all dilutions.
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d. Prtepara.t.LQn j. LQLzer hmnDe .andn R~jn JAur. A
9,000 xg microsomal supernate Isolated from livers of adult
male Fischer 344 rats Induced with Aroclor 1254 was used to
activate promutagens. The S-9 was prepared as per Ames et al.
(Mutation Research 31:347-364, 1975) and was purchased from
Litton Blonetics, Kensington, MD (Lot No. 04142). Upon
receipt the S-9 was stored at -700C until used. Lot 04142
contained 21.5 mg/ml protein and had p448/p450 activity
equivalent to 5.9 nMoJ/mg protein. Benzo( a- pyrene activated- -

- by thIs S-9 Induced 757 and 814 revertants In strains TA98 and
TA100 respectively. The reacting mixture was prepared Just
prior to use. The S-9 mix was sterilized by filtration
through a 0.45 uM membrane filter then the liver fraction was
added Just prior to use. The S-9 reaction mixture was
ultimately comprised of 450 ul of the S-9 mix and 50 ul of rat

*Q liver homogenate.

e. Pr*emA1raiL/n D1 &Ln1a/ Aea£ es aJnd IJ AWgiar£i The
minimal medium plates used throughout the study contained 20
ml of Vogel-Bonner medium E (Vogel and Bonner, J. Biol.
Chem. 218:97-106, 1956) with 2$ dextrose. Top agar was
autoclaved, then L-histIdine-fHCL and biotin were added just
prior to use. The Ingredients were mixed then 2 ml were added
to unused 16x150 mm disposable glass test tubes and allowed to
equilibrate to 450C in a waterbath before addition of any
bacteria or chemicals.

.& Dosa rjngs ft"d.L"g stjjAy.L: A spot test dose range finding
study was performed using strain TA98 only. The assay was a
modification of the standard disk susceptibility assay as
described by Bauer et al. In Amer. J. ClIn. Path.
45:493-496, 1966. Briefly, a 24 hr culture of TA98 was
Inoculated onto Oxold nutrient agar plates. The test article
was applied to sterile filter paper disks (S and S, 740-E) In
a dose related manner up to 5 mg/disk. The disks were
transferred to the Iroculated plates and after a 15 minute
Incubation period at room temperature they were Incubated for
24 hrs at 37*C. The test agent was tested with and without
S-9 at six doses. After 24 hrs the plates were analyzed for
toxicity. The zone of Inhibiton was estimated to the nearest
millimeter with a hand held ruler. Any visible zone of
Inhibition was considered an indication of a toxic response.
With toxic agents, the high dose was chosen for the
mutagenicity test that caused a slight (<1 mm) zone of
Inhibition (Table 1).

SA MunooJ."Lu AssasneU The assay was conducted March 6 and
17, 1985 using the methods of Ames et al as described In Mut.
Res. 31:347-364, 1975 and In their methods update Issued In
May 1980. The detailed proce 9ures are outlined In IITRI SOP
No. MB53. Briefly, 0.1 ml (10 cfu) of an 16-18 hr culture
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of the tester strain was added to 2 ml top agar (45 0 C) In
sterile, unused 16x150 mm glass test tubes. This was followed
by addition of 0.1 ml of the test article and 0.5 ml of the
S-9 reaction mixture or test article alone for the non-S-9
treated cultures. The tubes were vortex mixed then poured
over minimol agar plates. Triplicate plates were made per
dose for five doses. Control plates containing only the
bacterial strains were also made to determine spontaneous
reversion rates as well as control plates to test for
ster I IIty of each of the systems components. The plates were
Incubated in the dark at 37°C In an Inverted position for 2
days after which they were evaluated for numbers of revertant
colonies.

jh. D/Y Lgumi±u/ig The revertant colonies were scored with
a Blotran" II colony counter. The counter was cal ibrated
against a calibration grid Just prior to use. The counts were
recorded in a log book as they were generated. Plates with
fewer than 50 colonies were hand counted. All plates were
Incinerated after the evaluation was complete.

K SKWEBIISORB PEL0INN£L. INOLYIED INI ZIE S.

Peter W. Barbera Study Director
Robert R. Guerrero Program Director
James D. Fenters Head, Toxicology and

Environmental Health
Josephine M. Reed Supervisor, Quality

Assurance

LL ZUMMARY OfQE DAIA

Table 1 - Dose range finding study for test article USA-01
Table 2 - Mutagenicity results for positive controls
Table 3 - Raw mutagenicity data for test article USA-01

and phosphoric aci10
Table 4 - Summary mutagenli. ,y results for test article

USA-01 and phosphoric acid
Table 5 - Summary of background lawn toxicity results

on test article USA-01 and phosphoric acid.

Ny
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Table 1

DOSE RANGE FINDING STUDY FOR TEST AGENT USA-01

IITRI Project No. L06139-LOO1

IITRI Study No. SN81A

Inhibitory zoneA
Test Conc. with St rein TA98 (mm)
Agent 1jg/plat e NA A Toxicity

H2 0 50.0 0 0

USA-01 5000.0 15 15 +

2500.0 13 13 +

1250.0 0 0

500.0 0 0

50.0 0 0

5.0 0 0

NA= without S-9

A= with S-9

6= Average for twr measurements

-= Non-toxic

+= Tox i c

+ Slightly toxic
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Table, 5

SUMMARY OF BACKGROUND LAWN TOXICITY RESULTS ON TEST
ARTICLE NO. USA-01 AND PHOSPHORIC ACID

IITR1 Project No. L06139-LOOI

IITRI Study No. SN8)IA

Reduction of Background Lawn
le st Conc. TA98 TAIOC IAI $35 TAl 537 TAI-538

Agent pg/plate pH NA A NA A NA A NA A NA A

USA-01 2500.00 1.9 - - - - - - - - -

0.12 6.OL- - - - - -

0.12 7.Ot~

H3P04 1180.00 1.9 t t

1050.00 7.0 - - - - --

500.00 7.0~ - - - - -

0.03 6.06 - - - . - =

- ~~~0.03 7.0' - - -- -

NA =Without S-9

A a With S-9

-pH adjusted to 7 with 4OSý NaOH

A -pH -adjusted by dilution to pH 6 with pH 6.42 distilled water
t a Same as Aý except pH adjusted f rom 6 to 7 wi th 0. 1 N NaOH

- Non-tox i r

+ Slightly toxic
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. L The results of the dose range finding study (Table
1) indicate that test article USA-01 was slightly toxic to the
TA98 tester strain at the 2,500 ug/plete concentration and
toxic at the 5000 ug/plate dose. It was not toxic at any dose
below 2,500 ug/plate both with and without S-9. The 2,500
ug/plate concentration was chosen as the high dose for the

* mutagenlc-ty -test-.

The results shown In Table 5 Indicate that In the mutagenicity
assay nei Ither the test article nor the phosphoric acid
controls Induced a toxic response under any of the conditions
tested, except for a slight reductlot, In background lawn
caused by the 1180 ug/control plate of pho3phoric ecid at pH
1.9. The sI ight toxic response was observed In all the
strains with and without S-9.

JuA.gugZIr.JJ.y: In the mutagenicity test, the responses of all
the control compounds (Table 2), solvent controls aid
spontaneous background revertants (Table 3) were within the
limits set for the test. All of the test system components
also tested sterile. The assay was therefore judged valid.

Table 4 shows a summary of the mutagenicity results for all
t he parameters tested In this study. The results show that
neither test article USA-01 nor phosphoric acid were mutagenic
under any conditions even those that maximized conditions for
a positive response, I.e, high concentration (2,500 ug/plate)
and low pH (1.9) for USA-01 and 1,180 ug/plate and pH 1.9 for
phosphoric acid. The negative response observed with the
phosphoric acid samples neutralized to pH 7 with NaOH also
Indicate that high osmolal Ity caused by addition of Increased
amounts of sodium does not Induce a false positive response In
the Ames test. Treatment with S-9 did not alter the mutagenic
nor the toxic response. This suggests that USA-01 does not
contain promutagenic components nor toxic detoxificatIon
products.

In light of the overall negative mutagenic response regardless
of pH or concentration considerations, the conclusion Is that
test article USA-01 Is not mutagenic In the Ames test and that
the false positive results reported In mammal lan cell systems
due to low pH or high osmolal ity culture conditions do not
appear to apply to the Ames test.
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Peter W. Barbera p , Date
Study Director /- Date - 1 "

Charles Gradie
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RobArt R. Guerrero, Ph.D. ~ ~ ~
SProgram Director . ate L//&[z'

James D. Fenters, Ph.D. __ Date
Head, Toxicology and ~ 4i

Environmental Health (_

.2. UTDRAE Of DAIA AND REEEDRIi

All raw data generated during the course of the study were retained
In the IITRi Life Sciences archives as specified by government
regulations. The original final report and six copies was
submitted to the sponsor and one copy of the report was retained In
the IITRI archives, one In the Department L files and one by the
program director.

IIL QUL•LIX• •UE!LI•.E •I!•tEIENL

Laboratory operations were Inspected on March 5,6,8,12,26,27 and
29, 1985. The final draft report was audited on April 19 and 22
and May 31, 1985. InspectIons and audits were performed by
Josephine M. Recd. Laboratory operations conformed with IITRI
Life Sciences quality assurance criteria and with GLP requirements
for nonclinical laboratory studies as outl ined In 21CFR, Part 58.

J ephine M. Reed, M.M., M.S.
Supervisor, Quality Assurance
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1. IntrL ductIon

The purpose of thIs study was to evaluate the genotoxic

properties of an extract from red phosphorus/butyl rubber

condensate utilizing the Chinese Hamster Ovary Cel I

(CHO)/Chromosome Aberration Analysis Izn y.jLt assay and to

determine the Influence of pH on the genotoxic response.

Red phosphorus/butyl rubber (RB/BR) aerosol condensate is

approximately 95$ phosphoric acid; thorefore, addition of even

small amounts of the agent to the cell cultures consistutes a

severe pH challenge.

In a recent workshop on the effects of low pH on genotoxicity

In In yljrD systems (EMS Workshop, Las Vegas, Nevada, February

1985), It was reported that low pH can Induce false positive

results. To test and control for this phenomenon, the RP/BR test

article was tested at pH 6.0, 6.5 and 7.2 with concurrent

phosphoric acid pH controls for the three doses. In this study,

both the test article and the phosphoric acid controls were

diluted with McCoy's 5A Medlum Complete (3$ FCS, 100 IU

penicilln, 100 ug/ml streptomycin, 25 mM L-glutamlne and 3 mM

Hepes) to achieve the desired pH.

2. La~tcjMtosL5d

Twenty-five metaphases per dupl icate cultures were scored,

for a total of fifty metaphases per dose. Chromosome and

chromatid aberrations were converted to a "breaks/cell" value

reflecting the actual number of breaks that occurred. Gaps were
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converted to a gaps/cel l value and are presented as a separate

value. Other types of aberrations which are .Ot easily converted

to a breaks/cell value, such as, endoreduplIcatlon, aneuploldy and

pulverization are presented as a percentage of aberrant cells out

of the 50 scored. Means and standard deviatIons of the means were

calculated for breaks/cell and gaps/cell.

A two-factor fixed-effects analysis of variance (ANOVA) was

used to determine the effects of compound (USA-01 and H3 PO 4 ) and

pH (pH 6.0, 6.5 and 7.2) on the number of breaks/cell and

gaps/cell. The data were log-transformed prior to analysis to

better approximate the assumed normal Ity of the statistical

procedure. A p<O.05 was consldered slgnIfIcant. Although the ANOVA

was used for the overall analysis, we acknowledge that the data

are not normally distrIbuted. Therefore, the pnst hoc comparIsons

used were Poisson t tests. The jpast hoc comparIsons evaluat.-d the

significance of observed differences between two Polsson variables

using the method of E.S. Pearson and H.O. Hartley (Blolm.e±r_Ik

s s Vol.1, Table 36, London, Cambridge

University Press, 1954). A p10.0 5 was considered significant.

3. LeLt Ar-t i -Le mu n t r JrmA±•Ion

o Lest. Aal_ ._l_

L. rPELln.z. USA-01 RP/BR was generated by burning RP/BR

In a hydraulic driven extrusion-combustlon generator on Feb.

12 and 13, 1985. The extrLsion/burning rate was adjusted to

produce a final concentration of I mg/I Inside a 1 m3

stainless steel Inhalation chamber. The aerosol was collected
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by condensation In liquid oxygen cooled Dewar traps from

9x1 03 liters of aerosol. The sampl Ing rate was

approximately 10 liters/min for a residence time In the traps

of 30 seconds. The traps were opened and the Inner walls were

rinsed with 30 ml of methylene chloride (MC). The traps were

drained Into a 1 liter glass separatory funnel and the MC and

the aqueous fractions were separated and transferred to 200 ml

graduated cylinders. This procedure resulted In approximately

a 150 ml MC fraction and 105 ml aqueous fraction. The MC was

driven off to dryness with a stream of dry nitrogen. The

resultant yellow residue was dissolved In 2 ml DMSO.

The aqueous phase was transferred to a 150 ml round

bottom fIask. The aqueous sample was concentrated over a

2-day period to approximately 7ml with vacuum pressure

del ivered by a mechanical vacuum pump equipped with a liquid

nitrogen cold trap. A 0.0304 g sample of the viscous

yellowish-brown liquid was diluted to 100 ml with distilled

water and three aliquots were analyzed for phosphate content.

For genotoxicity testing, the remaining aqueous fraction

(5.64 g) was combined with the 2 ml of DMSO MC extract and the

mixture diluted to 14 ml with ASTM type I water. The dilution

was made to provide enough sample for three In .v._.Ltr~ assays.

The test article was stored at room temperature, protected

from light in a sterile pyrex glass tube.

b. fthX_ s i CharacterIstlcs: The test article was a clear

amber colored non-vrscous liquid comprised of about 95%

phosphoric acid by weight and had a density of 1.16 g/cc.
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o Test Control Substances

Medium McCoy's 5A Modified MA Bloproducts 12-688B 100% V/v

Positive (+S9) Cyclophosphamide SIGMA C-0768 2.8 ug/ml

Posltive(-S9) Ethylmethanesulfonate SIGMA M-0880 200 ug/ml
pH 6 Phosphoric acid Baker 1-0260 4.4 mg/mI

pH 6.5 Phosphoric acid Baker 1-0260 2.8 mg/ml

pH 7.2 Phosphoric acid Baker 1-0260 1.0 mg/mI

4. Ma-. h Q a

The assay was performea following i ITRI Chromosome Aberration

Assay SOP No. MBGT-8. The methods conform to the recommendations

of EPA Gene-Tox Program as outl ined In Latt et al., Mut. Res.

87:17-62, 1981

o D[Lag er~epa l" Dilutions of all components, Including

the positive controls, test agents, pH controls and cell

control were prepared In unused pyrex glass tubes. The test

article was prepared on a wt/volume basis. All test and

control substances were prepared on the day of testing ahd

were blended by vortex mixing for 1 min. For this study,

dilutions of all compounds were prepared In McCoy's 5A Medium

Complete with 3% FCS
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o . h imjQenz.ta.L A 9,000 x q microsomal supernate Isolated

from livers of adult male Fischer 344 rats Induced wItf1

Aroclor 1254 was used to activate promutagens. The S-9 was

prepared as per Ames et al. Mutation Research l1:347-364,

1975 and was purchased from MA Bloproducts, Walkersvllle,

Maryland (Batch No. R137).

o ZIL&It l .last1 .nL_. Percent vlabIll+y with and without rat

l iver S-9 was performed to establ Ish the dosage range for the

aberration assay. The test article was tested at the

following concentrations: 100 mg/ml, 10 mg/ml, and I mg/ml.

o "rDnIgspý Ab.er._£LLaiQ Ajs.&3 Exponentially growing CHO-KI

cells, obtained from the American Type Culture Collection In

April 1982, were treated on April 4, 1985 with the test

4, 1t c1G at three concentrat ons (4.4 mA. m , 2.8 ..i ,., I. ... W .

mglml) In dupl icate cultures with corresponding pH values of

6.0, 6.5 and 7.2, respectively. In addition, phosphoric acid

pH control cultures were run simultaneously at the same weight

end corresponding pH values as those of the USA-01 treated

cultures. The cells were In contact with the test agent for

12 hours (one time frame continuous exposure), The cells were

arrested In metaphase with 0.05 ug/ml colcemld during the last

2 hours of Incubation, then processed for aberration analysis.

Twenty-five metaphases from duplicate cultures were scored for,

a total of fifty metaphases per dose.
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o CLeJ. EiLraL•l_ .r ALD.,P._r.a~LQn _.1is_ The method used

Is do'rolIed In IITRI SOP MBGT-8. Briefly, cells arrested In

metaphase with colcomid were Jarred loose and collected In the

culture medium In the morning on Aprli 5, 1985. The cells

were pelleted with centrifugation for 7 min at 250 xg, The

cel Is were swol len by resuspensIon In 0.075 M potassium

chloride while Incubated for 30 min at 370C In a water bath.

The cells were pelleted and fixed by resuspenslon In chilled

Carnoy's fixative (3 ports methanol:1 part glacial acetic

acid). The fixation procedure was repeated two more times and

the cel Is resuspended In 0.5-1 .0 ml of Carnoy's. Two drops of

the suspension were dropped onto clean, chilled microscope

sl Ides with a disposable polypropylene pipet. The slides were

- r dried, then stae!ned w.! th 31 G!emsa In 1/1- M Sorenson'c.s

buffer.

o r rgIIQ aIons- Aberrations were scored with 1OOX oil

immersion bright field optics from 25 metaphases per dupl Icate

culture. Aberrations were classified as chromatid, chromosome

or "other" types of aberrations. Chromatid aberrations were

subdivided into; chromatid breaks and gaps, Isochromatld

breaks and gaps and exchanges. Chromosome aberrations were

subdivided Into dicentrIcs, rings and acentric fragments,

"Other" clistogenic damage categories were endoredupl Icalion,

pulverized chromosomes and sticky chromosomes.

Endoreduplication, pulverized and sticky chromosomes were

scored separately and presented as % of the total scored. The
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aberrations were converted to a breaks/cell value using the

fol lowing crlterla:-

z.C~m.•Ld At~er •r~aiLQn~J.

chromatid break cdb I

iso-chromattd break icdb 2

chromatid gap cdg 0
I so-chromat I d gap Icdg 0

exchange ex 2

fh•=orna tbearxtjl on g:

U IcentrIc D
Ri rg R 2

Acentric Fragment F 1

EndoreduplIcatlon e 0

Pu IverIzed chromosomes p 0

St Icky chromosomes 5 0

* See Appendix I for pictorial description of scoring system

used. Breaks and gaps were scored separately and presented
as a mean number/cell ± Standard Deviation.

o I• ±•r a .n. £± fa~a: The evaluation of genotoxlc

potential was based on the following criteria:

1. Negative; No significant main effect or

Interaction (p>0.0 5 ) based on ANOVA comparison of

data or_ no sIgnifIcant Increase In aberrations over

background In j•jQt jiOr comparisons In the presence

of significant ANOVA results.

2. Weak clastogen: Significant main effect or

Interaction (p.<O. 0 5 ) based on ANOVA comparisons of

data. Significant aberration Increase ov er
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background (pO.05) based on ho L h P PoIsson t

tes0ts, but not twice background. These agenis are

highly suspect and would require further testing.

3. Strong clastogen; Significant main effect or

interaction (pSO.O5) based on ANOVA comparisons of

data. A Z2X Increase In chromosome aberrations In

at least one dose or there is a three point dose

response curve over background with at least one

dose with a p.0O.O01 based on p~os± hb Polsson t

tests. Those agents are consldered strongly

cl astogen c.

~* ~t~.~~x ~LunnD, Q1-YodLv In ±hro a~A~

JulI Harr Inqton Study Director

Robert R. Guerrero Program Director

James D. Fenters Head, Microbiology and
Environmental Toxicology

Josephine M. Reed Supervisor, Quality
Assur once

J 6. ummor-y mnd Anab1sy..SL oifD~aiaz

o Table I - Toxicity Results with S-9

0 o Table 2 - Toxicity Results without S-9

o Table 3 - Chromosome Aberration Results with S-9

o Table 4 - Chromosome Aberration Results without S-9
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TABLE 1

TOXICITY TEST WITH S-9

USA-01 Total Cells Viable Viability Avg. % % of
(mg/ml) (1Oxl mm ) cells % Viability Control*

0 78 68 87
132 117 89
127 107 84 87 100

100.0 57 55 96
59 50 85
53 50 94 92 106

10.0 58 55 95
55 49 89 92 106

1,0 61 61 100
51 49 96
54 54 100 99 114

Avg. vlable cells treated
--- -------------------- x 100

Avg. viable cells control

Avg. % treated
-- --------- x 100

Avg. % control
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TAB LE 2

TOXICITY TEST WITHOUT S-9

USA-01 Total cells Viable Viability Avg. % % of
(mg/mi) (10xI mm ) cells % Viability Control*

0 133 123 92
158 140 89
122 108 89 90 100

100.0 - - -
40 4 10
32 3 9 9.5 11

10.0 36 35 97
43 39 91
59 16 27 72 80

1.0 - - -
58 52 90

102 95 93 92 102

SAvg. viable cells treated
--------------------- x 100

Avg. viable cells control

SAvg. % treated
-------------- x 100

Avg. % control
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0 T Rests L I.ts The data in Tables 1 and 3 suggest that

the RP/BR extract was not toxic at any of the concentrations

tested with S-9, I.e. 114, 106 and 106% of control at the 1,

10 and 100 mg/ml concentrations, respectively. However, It

caused a dose related toxic response when tested without S-9,

i.e. 102, 80 and 11% of controls at the same concentrations.

The data are deceptive In that although the cells were viable

by trypan blue exclusion measurements, the mitotic activity

was severely inhibited by the 10 and 100 mg/mi exposures. The

cells exposed to the 100 mg/ml dose also appeared rounded up

yet firmly attached to the plastic surfaces to the extent that

it was Impossible to remove them with 0.05% trypsin despite

repeated attempts. These results suggest that the low pH

resulting from addition of 10 (pH 2.8) and 100 (pH 1.6) mg/ml

test article In culture medium has a profound effect on the

cell membrane characteristics and/or on the culture vessel's

grow Ing surfaces. The cells exposed to 1.0 mg/ml (pH 7.2)

concentration appeared normal.

Attempts to raise the pH of the test agent or 95%

H3 PO4  to 7.2 with 40% sodium hydroxide or with heavily

buffered medium was unsuccessful because the resultant high

osmolal Ity In the culture medium caused the cells to detach

from the growing surfaces. Detachment was presumably due to

changes In cell membrane and/or growing surface
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characteristics.

As a result of the severe technical problems caused by

the low pH exposures and because of a subsequent report that

low pH can result In false positive cytogenetic results In

mammal ian cells, the decision was made to test the test

article at pH 6.0, 6.5 and 7.2 with the pH obtained by

dilution with complete culture medium. The resultant

concentrations were 4.4, 2.8 and 1.0 mg/ml, respectively.

Concurrent phosphoric acid controls were run at the same pH

and mg/ml concentration. The results of studies from two

protocols are thus being presented In a single report.

o Aberratlon Results..

The aberration frequencies are I isted In Tables 3 and 4.

The results indicate that predominately chromatid type

aberrations were formed following the exposure. This Implies

that most of the clastogenlc damage occurred during "Late S"

and "G 2 " phases of the cell cycle. In addition, use of S-9

did not appear to alter the overall pattern of aberration

frequencies.

While the means for the S-9 treated groups show a general

Increase In breaks and gaps with dose for both the USA-01 and

H 3PO4 exposures (cable 3), the ANOVA comparisons indicate that

for breaks there was no significant main effect due to
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compound (p=0.325), dose (p=0.094), or compound by dose

(p=0.625). Therefore, Ros± hoc comparisons were not performed.

For gaps, there were significant ANOVA results for

compound (p=O.002), dose (P=0.001) and the compound by dose

Interaction (p=0.017). P.ost hgc comparisons Indicate that all

three concentrations of test article USA-01, pH 6.0 (4.4

mg/ml), pH 6.5 (2.8 mg/ml), and pH 7.2 (1.0 mg/ml), and the

top dose for H3 PO4 , pH 6.0 (4.4 mg/ml), were significantly

different from the medium control (p!O.05). However, the

comparisons between the USA-O groups and corresponding pH

groups for H3 PO4  Indicate that only the pH 6.5 (2.8 mg/ml)

result was significantly different (pSO.05) and the difference

was due to the higher mean for the USA-01 group.

For the non-S-9 treated groups (Table 4), the means for

breaks and gaps also showed a general dose responsive Increase

for both the USA-01 and H3 PO4 exposures. The ANOVA Indicated

that for breaks, there was a significant effect for dose

(p=O.001), but not for compound (p=0.477) or the compound by

dose Interaction (p=0.681). For gaps, there were significant

results for all three comparisons (compound, p=0.018; dose,

p=O.O01, and compound by dose, p=O.O04).

J!.t hoc comparisons Indicate that for breaks, only the

USA-01 pH 6.0 (4.4 mg/ml) and pH 6.5 (2.8 mg/ml) doses and the

pH 6.0 (4.4 mg/ml) H3 PO 4 dose were were significantly

different (p_•O.05) from the medium control. However, there was
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no significant difference between the USA-01 and corresponding

pH level s of H3 PO 4 (p>0.05).

For gaps, the pzif hjc tests Indicate that only the

USA-01 pH 6.0 and the H3 PO 4 pH 6.0 doses were significantly

different (p.<O.05) from the medium control and from each other

and the difference was due to the higher mean for the

H H3 P0 4 group.

The conclusion Is, therefore, that while dose responsive

Increases In breaks were observed, the Increases were not

significant when compensatioi was made for the pH effect. The

increase in breaks caused by the test article USA-01 Is a pH-

Induced phenomenon caused by the high concentration of

phosphoric acid in the same (95$) and not by other clastogenic

components In the sample. Fvrther, while gaps also increased

with dose, correction for pH effects also negated Increases

In gaps due to USA-01 with the exception of the pH 6.5 (2.8

mg/ml) dose in the S-9 treated group.

Gaps are controversial lesions. They are by definition

not breaks; however, they are useful as Indicators of trends

or patterns In clastogenIc responses since, In general,

Increases In both gaps and breaks are seen fol lowing exposure

to clastogenic agents. Since In this study, with the one

exception, the Increase In gaps also appeared to be pH

related, the conclusion Is that the positive gap results in

the one Instance was an Isolated event and, In the face of the
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negative break results, should not change the ultimate

conclusion that test article USA-01 Is non-clastogenic to CHO

.cel Is at the concentrations tested.

The possibility remains, however, that the 4.4 mg/ml high

dose used in this study was below the level of sensitivity for

the system to detect gross clastogenic damage and that testing

at higher concentrations would give a positive response.

However, testing higher concentrations was Impossible due to

the prohibitively low pH conditions that resulted In the

culture medium when higher concentrations of the test article

were used.

8. Slan.tu•re g-t jcLjent Inss JxLv d In jhhe

Julile Harrington F~
Study Director Date

Robert R. Guerrero
Pr ogram ID Irector Date

James D. Fenters
Head, Microbiology 'nd
Environmental Toxicolog Date

Josephine M. Reed --- ! /
Supervisor, Quality urarrvce Date

9. S±Dj-"~.e jai D-a±. &U Re. rta..z

All raw data generated during the course of the study

were retained In the IITRI Life Sciences archives as specified

by government regulations. The original final report was

submitted to the sponsor and one copy of the report was

retained In the IITRI archives, Division L files and one by

the program director.
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o AurA.L n eU a±Lt&mjent.j Laboratory operations

were Inspected March 12 through 15, 1985 and April 3,4,5

and 8, 1985 by Josephine M. Reed. The final draft report

was audited on June 26, to 27, 1985 by Josephine M. Reed.

Jose hine M. Reed, M.M., M.
v! Superv isor,

Qual ity Assurance
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., Ahreon>x - Pictorial in-erpretaticn of "break.." scorlna sySte.- used,

C a t ey Inter pase Metaphase Interpretation SyVz Breaks

Ckrc-oso"-tv~e Aberrations 6 or early S)

- )u--" I Acentric frag. F

v Interchro-oso'-al al Ncentrc + I

- " a. acentric frag,

b, • b. I Dicentric + 2
- acentric frag,

* antra :hrt-.s"'a'

SRing + 2 acen-
tric irag.

ti .p .tt•. e era t ions I.a te S o- G,)

1-eak a. I break cdb I

"b. X b. 4 breaks 4 cdb 4

C. C Ol, c. isochromatid icdb16 break 2

* Interchr,-as."•a1

_a._ _. 2 exchange 2 ex 4

-b. b. I exchange + ex
acentric frag.

* IntraChrorasoeal
a. I exchange ex 2

b . b chromatid
ring 4 frag. 2
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1.E.U.RPE.Q1E

The purpose of this study was to assess the mutagenic
properties of an extract of red phosphorus/butyl rubber condensate
and to determine the Influence of pH on the mutagenic response.

Red phosphorus butyl rubber (RP/BR) aerosol condensate Is
about 95$ phosphoric acid. Therefore, addition of even small
amounts of the agent constitutes a severe pH challenge to the
cells.

In a recent workshop on the effects of low pH and high salt
concentrations on genotoxicity J.- .yIiT-. (EMS workshop, Las Vegas,
Nevada, February 1985), It was reported that low pH and high
osmolality conditions can Induce false positive results In .Ln
.. tr systems. Subsequently the RP/BR test article was tested at
pH 6.0 and 7.0 with phosphoric aci, pH controls for the two doses.
The USAO1 (RP/BR) sample and the H P04  controls were diluted
with Williams E medium, pH 7.2, to achieve pH 6.0.

2. SIATI3JSlIAL REOL D US Se-

Fifty Interphase nuclei were evaluated per dose. Mean net
grain counts and standard deviation of the mean were calculated
for each dose. A test agent was considered genotoxic If It
Induced a net grain count of 5 or more per nuclei In triplicate
covers!lps when tested within a nontoxic range (>10$ survival).

o Yesi at lcg
a) Ehslcal£ Characterist±cs: The test article USAO1, RP/BR was
generated by burning RP/BR In a hydraulic driven
extrusion-combustion generator on February 12 and 13, 1985.
The extrusIon/burni ng rate was adjusted to a fial
concentration of approximately 1 mg/I Inside a 1 rn
stainless steel Inhalation ch3mber. The aerosol was collected
by 3 condensation In liquid oxygen cooled Dewar traps from 9 x
10 1 iters of aerosol. The sampl ing rate was approximately
10 lIters/mnIn for a residence time In the traps of 30 seconds.
The traps were opened and the Inner walls were rinsed with 30
ml of methylene chloride (MC). The traps were drained Into a 1
Iliter glass separatory funnel and the MC and the aqueous
f.actlons were separated and transferred to 200 ml graduated
cylInders. This procedure resulted In approximately 150 ml MC
fraction and 105 ml aqueous fraction. The MC was driven off to
dryness with a stream of dry nitrogen. The resultant yellow
residue was dissolved In 2 ml of DMSO.
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The aqueous phase was transferred to a 150 ml round bottom
flask. The aqueous sample was concentrated over a 2-day period
to 7 ml with vacuum pressure delivered by a mechanical vacuum

* pump equipped with a liquid nitrogen cold trap. A 0.0304 g
sample of the viscous yellowish-brown liquid was diluted to 100
ml with distilled water and three aliquots were analyzed for
phosphate content. The resultant phosphoric acid concentration
was determined to be 90.6% by weight.

For genotoxicity testi ng, the remaining aqueous fraction
(5.649) was combined with the 2 ml of DMSO MC extract and the
mixture was diluted to 14 ml with ASTM type 1 water on February
19, 1985. The dilution was made to provide enough sample for
three y.L t r assays. The test article was stored at room
temperature protected from light in a sterile pyrex glass tube.

* The density of the test article was 1.16 g/ml.

b) Solvent. Concentrations of the test article and the air
sample were prepared In Williams E medium containing 10 uCi/ml
of tritlated thymldlne.

c) DjL,.A".L For the test article, concentrations of 1.000
mg/mi, 0.333 mg/ml and 0.033 mg/ml were prepared with a final
pH of 6.0, 7.0 and 7.0 respectively. Two dilutions of
phosphoric acid, with final concentrations of 1.000 mg/ml and
0.333 mg/ml and a final pH of 6.0 and 7.0# respectively, were
also prepared. The air sample was diluted to give an
approximately 10% solution.

o Lon.ILQr S

f nJ._Lt r om o n Source Qon JL

Positive 2-acetylam no- Tr Idom-F Iuka 100 nMol/ml
f I uorene

Negative Biphenyl Aldrich Chemical Co. 100 nMol/ml
Cel I WME* Gibco 100$

SWilliams medium + 20 mM glutamlne + 50 ug/ml gentamycin

4. METH DS.

The assay was performed fol lowing procedures outl ined In
IITRI DNA Repair SOP No. MBGT-2. The methods are based on those
outl Ined by WMi lams In Cancer Res. 37:1845-1851, 1977 and
Include the Improvements made by Williams In Cancer Letters
4:69-75, 1978 and by Williams et al In i.n Y•.Ljrz 13:809-817, 1977.
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o £pArJUZ.EJLt•j Dr,.uLgJu. The test article was tested for toxicity

In rat hepatocytes prior to the DNA repair assay. The toxicity
results were used to establ ish the dosage range for the DNA

repair assay. In the repair assay, hepatocytes on coversl Ips

were exposed for 18-20 hr to 5 concentrations In triplicate of

tle test agent In the presence of tritlated thymidine
( H-TdR). DNA damage caused by the exposure and repaired by

unscheduled DNA synthesis was measured with autoradlography,
Silver grains deposited over Interphase nuclei, Indicating sites

of DNA repair, were counted In 50 nuclei. The counts were also

corrected for nonspecific binding of H-TdR. A net grain

count of 5 or more was considered a positive response.

o P gj Hepatocytes.. A F344 Fisher male rat

(Harlan-Sprague Dawley) was anesthetized with 50 mg/kg nembutal.

The liver was surgically exposed then perfused "J. s IU with 0.5

M ethylene glycol-bis-(B-amlnoethylether) N-NO-tetracetic acid

(EGTA) fol lowed by 100 u/ml col lagenase, type I (Sigma). The

Iiver was aseptically removed and placed In a sterile petri

dish. In a laminar flow hood, the outer capsule was removed

from the liver and the hepatocytes were gently separated from

the organ. The cel Is were then collected In 37*C WMES medium

and assayed for density and viabil ity.

o I•xicLit..Iy Jj.Tegfg-: One million viable hepatocytes were seeded

Into T-25 flasks. Three flasks were prepared for each of five

dilutions of the test article. The highest concentration tested

did not exceed 10% weight per volume. The cells were allowed to

attach for 2 hr and then were exposed to the test article for

18-20 hr at 37*C on February 19, 1985. Trypan blue was added

(0.15 ml of a 0.4$ solution) to each flask. After 5 min, the

cells were rinsed then fixed with I ml of 5% formalin. The

cells were evaluated for toxicity using dye exclusion and cell

number as endpoints. The determination was made by c~lculating

the ratio of viable cells In 10 rfndomly selected 1 mf. areas

of each flask utilizing a 1 mm grid In the eyepiece of an

Inverted microscope.

o WNA R&.pLT etIJLn.gW On May 29, 1985, one million viable

hepatocytes were seeded onto 25 mm Thermonox coversl ips (M.A.

Bloproducts) housed In 34 mm 6-well tissue culture cluster

dishes (Costar). The cells were allowed to attach for 2 hr then

were rinsed with WME medium and treated with five concentrations

of the test agent In triplicate, Including a3 toxic dose when

possible. The medium also contained 10 mCi/mi H-TdR (60-80

CI/mMole specific activity). Positive, negative, solvent and

cell controls were tested in -parallel. The cultures were

Incubated for 18-20 hrs at 37*C In a humidified 5% CO 2

I ncubator.
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o C"eLL .11pr .zLAxt u Fol lowing the exposure, the coversi ips
were rinsed with three changes of WPE medium, then the cel Is
were swol len In 1% sodium citrate for 15 miin. The cells were

Sfi x e d I n t h r e e c h a n g e s o f C a r n o y ' s f i x a t i v e ( 3 p a r t s e t h a n o l : 1
part glacial acetic acid). The coverslips were air dried, then
attached to glass sl Ides, cel I surface up, with permount
mounting medium.

o Auuorad.loraphX: On May 31, 1985, the slides were dipped In
SKodak NTB emulsion. They were air dried overnight, then the

slides were placed In light tight slide boxes for 10 days at
450 C. The sl ides were developed with Kodak D-19 developer, air
dried and stained with Harris' alum hematoxylin and eosin on
June 10, 1985. All procedures, up to the air drying of the
slides, were completed in total darkness.

o Grjn C Grain counts were made on 50 randomly selected
normal nuclei per slide (3 slides/dose) with a New Brunswick
Biotran Colony Counter. The counter Interfaced with a TV system
coupled to a compound .ight microscope. The counts were
corrected for nonspecific •H-binding by subtracting from the
nuclear count, the highest of three counts taken from
cytoplasmic areas adjacent to the nucleus. Means and standard
deviations were calculated for each set of three slides.

5. DS -RAA0N 1~LIS

Upon receipt of all test and control materials, the date of
receipt and approximate quantities were recorded. Liquid test
articles were measured on a weight to volume basis and dilutions
of all compounds, Including the positive control and solvent
controls, were prepared In glass scintillation vials. All test

S and control substances were freshly prepared the day of use and
were blended by vortex mixing for 1 miin prior to testing. The
control compounds were stored according to sponsor's
recommendations regarding temperature, humidity and protection
from light. The highest concentration used did not exceed 10%
welght per volume and the solvent did not exceed 1% volume per
volume.
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7. SUMMARY AND ABAk-JIS DE DAIA:

"o Table 1 - Toxicity Results
"o Table 2 - DNA Repair - Test Article and Control Results
"o Table 3 - DNA Repair - Air Sample and Control Results
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1ITRI Project No. L06139L001

IITRI Study No. 81-DNA-1

TABLE I

Toxicity Results on
Test Article No. USAOI

Conc. 2 Cell Number Viability
rpq/mI pH Cells/cm Cells/flask(x10 4 ) Avg.8(x10 4 )

2674 6.7
100.0 <1 2615 6.5 6.4 81.3

2394 6.0

3258 8.1
50.0 1.5 1934 4.8 6.8 86.0

2929 7.3

2568 6.4
10.0 3.0 2108 5.3 5.3 67.0

1645 4.1

Toxic Toxic
5.0 5.5 Toxic Toxic Toxic

Toxic Toxic

2358 5.9
1 .0 7.0 714 1 .8 4.7 59.6

2557 6.4

Cel l 7.0 3594 9.0
Control 3207 8.0

2972 7.4
3028 7.6 7.9 100.0
3196 8.0
2896 7.2

a Each flask was Initially seeded with Wx10 6 cells
b 5 viability: Avg number of cells In test dilution

S------. . ..- ....----- . ...-....--------- -- X 100
Avg number of cel I s In cell control
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I ITRI Project No. L061391001
I ITRI Study No. 81-DNA-1

TABLE 2
DNA Repair Results on Test Article No. USAO1,

Phosphoric Acid, and Control Agents

Test Control Conc. Net Grain Counts b Genotoxlclty
sAm41,9 L- ----. anm .------- .. an_ +t - 4.A i-L=

USAO1 1.000 6.0 0.38 1.02
1.04 2.85 0.75
0.84 1.93

0.333 7.0 2.63 4.61*
2.48 4.23 2.06 .
1.20 2.60

0.033. 7.0 1.40 3.22*
0.68 2.90* 0.84
0.64 1.93

Phosphoric 1.000 6.0 0.88 2.14
Acid 0.60 1.70 0.65

0.46 2.02

0.333 7.0 1.18 2.90
0.52 1.54 0.93
1.08 3.06

Positive Control 0.100 ND 10.26 10.43
2-AAF 14.68 12.12 12.86 +

13.64 15.71

Negative Control 0.200 ND 0.48 1.85
Blpheny I 0.50 1.45 0.71 -

1.14 3.06

Cel I Control ND 1.00 2.04
0.58 1.81 0.67
0.42 1.40

a Net grain counts from 50 nuclei per covers I p

+ Positive genotoxlc response
- Negative genotoxic response
SD Standard deviation
* Less than 50 nuclei counted
* Incorrect concentration used due to dilution error
ND Not done
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IITRI Project No. L061391001
IITRI Study No. 81-DNA-1

TABLE 3
DNA Repair Results on Air Sample

and Control Agents

Test Control Conc. Net Grain Counts b Genotoxicity_._==,L• .. . .. ~g~t ..... gLmi _..H~n_.. + __.AD__ _A~=+

Air Sample 1.14 2.91 ,
0.70 2.34 0.92

Positive Control 0.200@ 23.26 12.39
2-AAF 12.04 8.72 15.67 +

11.70 9.04

Negative Control 0.100 3.30 6.43
1.22 3.37 2.26 l
2.26 4.35

Cell Control 1.64 3.88
1.70 4.07 1.44
0.98 2.94

a The Air Sample was tested In a separate assay from the other Test

Samples.
Net grain counts from 50 nuclei per coverslilp

+ Positive genotoxic response
- Negative genotoxic response
SD Standard deviation
@ Incorrect concentration used due to dilution error
S Two sl ides only
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o IIg.,1j.t.1., The data In Table I Indicate that the RP/BR
extroct %as toxic at the 5.0 mg/mi dose but only slightly
toxic at the 1.0 mg/ml and all doses above 5.0 mg/mi I.e. %
viability was 59.6, 0.0, 67,0, 86.0, and 81.3 for the 1.0,
5.0, 10.0, 50.0 and 100.0 mg/ml concentrations# respectively,
However, while the cells exposed to concentrations higher
than 5.0 mg/ml appeared viable by trypan blue exclusion, they
were quite abnormal metabol ical y and In appearance. They
were rounded up yet firmly attached to the coversilps and In
a prel iminary DNA repair trial run, unscheduled DNA synthesis
was totally suppressed Indicating that the hepatocytes were
severely affected by the higher doses. These secondary toxic
effects most likely reflect perturbances In cell membrane
permeab I IIty and In blopathways Involved In the repair
process, i.e., suppression of exonuclease, endonuclease and
I lgase activities, caused by low pH conditionsp I.e. pH 3.0,
1.5 and <1.0 for the 10.0, 50.0 and 100,0 mg/mI doses,
respect Ively.

For the reasons stated above It was felt thai 5.0 mg/ml dose
reflected the top of the true toxicity range for test article
USA-01 especially since the pH for that dose fell within the
pH range known to be tolerated by cells "n .d.lr+ (pHS.5) and
the morphology of the cells In culture looked normal.
Therefore, 1 mg/mi was chosen as the top dose for the DNA
repair assay.

o DM &pI- The DNA repair results shown on Table 4
Indicate that test agent USA-01 was not genotoxic at any dose
tested I.e. 0.84, 2.06 and 0.75 average net grains/nucleus
for the 0.033, 0.333 and 1.000 mg/ml concentrations. The
phosphoric acid pH controls were also negative I.e. 0.93 and
0.65 average net grains/nucleus for pH 7.0 (0.333 mg/ml and
pH 6.0 (1.000 mg/ml) concentrations, respectively.

The positive and negative controls fell within the accepted
range and there was no evidence of microbial contamination,
therefore, the assay was considered val Id. Based on the
results of this study the conclusion Is that test article
USA-01 does not cause an Increase in DNA repair In primary
hepatocytes and therefore Is not genotoxic within the
concentration range tested. One can't discount the
possibility that higher concentrations would give a positive
response. Howeverp testing higher concentrations was not
possible since they were toxic to the cells. Another
conclusion Is that low pH (pH 6.0) does no+ cause an
artifactual positive response Ir the primary rat
hepatocyte/DNA repair assay.
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10. LTR LIa-P& EJPQB .TL.

Al! raw da+a genereaed during the course of the study
will be retained In IITRI Life Sciences Archives as specified
by government regulations. The original final report Is
submitted to the sponsor and one copy of the report will be
retained In the IITRI archivesone In the Division L files
and another by the program director.

"11-.- AiJ•[IM UR.UI

o Qual Ity Assurance Statement: L aboratory operations were
Inspected on February 19, March 28 and 29 and May 20 and 31,
1985. The final draft report was audited on August 23, 1985.
Inspections and audits were performed by Josephine M. Reed.
The laboratory operations were found to conform with ilTRI
Life Sciences quality assurance criteria and with GLP
requirements for Nonclinical Laboratory studies as outlined
In 21CFR, part 58.

10 seinMH d,.Supervlsor,
Qual ity Assurance
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